(12) INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property OrganizatloD 
Int^ational Bureau 



(43) iDtemational Publication Date 
21 November 2002 (21.11.2002) 




(10) International Publication Number 

PCT WO 02/092169 Al 



(51) International Patent Classification^: A62B 9/02. 7/04, 
A61M 16/00. F16K 31/26 

(21) International Application Number: PCT/US02/14039 

(22) International Filing Date: 1 May 2002 (01.05.2002) 
(25) Filing Language: English 
(2Q Publication Language: English 



(30) Priority Data: 
09/854038 
10/. 



1 1 May 2001 (1 1.05.2001) US 
8 April 2002 (08.04.2002) US 



(71) Applicant: CPRX LLC [US/US]; 4330 Upton Avenue 
South, Minneapolis, MN 55410 (US). 

(72) Inventors: LURIE, Keith, G.; 4751 Girard Avenue South, 
Minneapolis, MN 55409 (US). ZIELINSKI, Todd, M.; 
3549 43rd Ave. South, Minneapolis, MN 55406 (US). 

(74) Agents: GIBBY, Darin, Xetal.;Townsend and Townsend 
and Crew LLP, Two Embarcadero Center, Eighth Floor. San 
Francisco. CA 941 1 1-3834 (US). 



(81) Designated States (national): AE. AG, AL. AM, AT, AU, 
AZ, BA. BB. BG. BR, BY, BZ, CA, CH, CN, CO, CR, CU. 
CZ. DE. DK. DM. DZ. EC. EE, ES. FI. GB, GD, GE, GH, 
GM. HR, HU. ID. IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK. LR, LS, LT, LU, LV. MA, MD. MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM. PH, PL, PT, RO. RU. SD, SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN, 
YU, ZA,ZM,ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KB, LS. MW, MZ, SD. SL, SZ, TZ, UG, ZM. ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU. TJ. TM). 
European patent (AT, BE, CH, CY, DE. DK, ES, FI, FR, 
GB, GR, IE, rr. LU. MC. NL. PT, SE, TR). OAPI patent 
(BP, BJ. CF, CG, CI. CM. GA, GN, GQ. GW. ML. MR. 
NE. SN, TD. TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" ojppearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: SHOCK TREATMENT SYSTEMS AND METHODS 



On 
1— ( 

o 




36 



28^ 




(57) Abstract: According to the invention, 
methods and devices for increasing 
caidiopnlmonary chxnlation induced by 
chest compression and decompression when 
performing cardiopulmonary resuscitation 
are provided. According to one method, 
a pressure responsive inflow valve (24) 
is coupled to a patient's airway. Chest 
compressions and chest decompressions 
are performed During chest decompression 
the inflow valve (24) prevents respiratory 
gases from entering the lungs nnti] a ceitain 
negative intrathoracic pressure level is 
exceeded at whidi lime the inflow valve 
(24) opens. In this way. the inflow valve 
(24) assists in increasing the magnimde and 
duration of negative intrathoracic pressure 
during decompression to enhance the 
amount of blood flow into the heart and 
lungs. Further, the patient is supplied with 
a pressurized respiratory gas through the 
inflow valve (24) when the inflow valve 
(24) opens to ventilate the patient. 
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SHOCK TREATMENT SYSTEMS AND METHODS 

CROSS-REFERENCES TO RELATED APPLICATIONS 

5 This application is a continuation in part £q;>plication of U.S. Patent 

Application Serial No. 09/8S4,238» filed May 1 1, 2001, which is a continuation in part 
application of U.S. Patent Application Serial No. 09/546,252, filed April 10, 2000, which is a 
continuation of U.S. Patent Application No. 08/950,702, filed October 15, 1997 (now U.S. 
Patent No. 6,062,219), which is a continuation-in-part application of U.S. Patent Application 

10 Serial No. 08/403,009, filed March 10, 1995 (now U.S. Patent No. 5,692,498), which is a 
continuation-in-part application of U.S. Patent Application Serial No. 08/149,204, filed 
NovOTiber 9, 1 993 (now U.S. Patent No. 5^55 1 ,420), the disclosures of which are herein 
incorporated by reference. 

1 5 BACKGROUND OF THE INVENTION 

The present invention relates generally to devices and methods used in 
conjunction with cardiopulmonary resuscitation procedures. In particular, the present 
invention relates to devices and methods for increasing cardiopulmonary circulation in 
patients with severe low blood pressure or cardiac arrest. 

20 Worldwide, sudden cardiac arrest is a major cause of death and is the result of 

a variety of circumstances, including heart disease and significant trauma. In the event of a 
cardiac arrest, several measures have been deemed to be essential in order to improve a 
patient's chance of survival. These measures must be taken as soon as possible to at least 
partially restore the patient's respiration and blood circulation. One common technique, 

25 developed approximately 40 years ago, is an external chest compression technique generally 
referred to as cardiopulmonary resuscitation (CPR). CPR techniques have remained largely 
> unchanged over the past three decades. 

Widi traditional CPR, pressure is applied to a patient's chest in order to 
increase intrathoracic pressure. An increase in intrathoracic pressure induces blood 
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movement from the region of the heart and lungs towards the peripheral arteries. Such 
pressure partially restores the patient's circulation. Traditional CPR is performed by actively 
compressing the chest by direct application of an external pressure to the chest. After active 
compression, the chest is allowed to expand by its natural elasticity which causes expansion 

S of the patient's chest wall. This expansion allows some blood to enter the cardiac chambers 
of the heart. The procedure as described, however, is insufficient to ventilate the patient. 
Consequently, conventional CPR also requires periodic ventilation of the patient. This is 
commonly accomplished by mouth-to-mouth technique or by using positive-pressure devices, 
such as a self-inflating bag which relies on squeezing an elastic bag to deliver air via a mask, 

[ 0 endotracheal tube or other artificial airway. 

In order to increase cardiopulmonary circulation induced by chest 
compression, a technique referred to as active compression-decompression (ACD) has been 
developed. According to ACD techniques, the active compression phase of traditional CPR 
is enhanced by pressing an applicator body against the patient's chest to compress the chest. 

1 S Such an applicator body is able to distribute and apply force substantially evenly over a 
portion of the patient's chest. More importantly, however, the applicator body is sealed 
against the patient's chest so that it may be lifted to actively expand the patient's chest during 
the decompression step. The resultant negative intrathoracic pressure induces yenous blood 
. to flow into the heart and lungs from the peripheral vmous vasculature of the patient. 

10 Also of importance to the inv^tion are ventilation sources that are used in 

connection with CPR techniques to properly ventilate the patient. One type of ventilation 
source is the AMBU bag available from AMBU International, Copenhagen, Denmark. The 
AMBU bag can also be used in connection with a positive end-expiratory pressure (PEEP) 
valve, available from AMBU International, to treat some patients with pulmonary and cardiac 

25 diseases. However, until the present invention, a positive end-expiratory pressure valve in 
connection with a ventilation source has not been used with any CPR techniques. 

With both traditional CPR and ACD-CPR techniques, an increase in the 
amount of voious blood flowing into the heart and lungs from the peripheral venous 
vasculature would be desirable to Increase the volume of oxygenated blood leaving the thorax 

30 during the subsequent compression phase. It would therefore be desirable to provide 

improved methods and apparatus for enhancing venous blood flow into the heart and lungs of 
a patient from the peripheral venous vasculature during both convmtional CPR and ACD- 
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CPR techniques. It would be particularly desirable to provide techniques which would 
enhance oxygenation and increase the total blood return to the chest during the 
decompression step of CPR and ACD-CPR, more particularly of ACD-CPR. This can be 
accomplished according to the present invention by augmentation of botii negative and 
positive intrathoracic pressure^ thereby amplifying the total intrathoracic pressure swing. An 
invention for providing tiiis crucial improvement is described. 

Severe hypotension or very low blood pressure can lead to passing out and in 
some circumstances cardiac arrest Like cardiac arrest, patients with low blood pressure 
often suffer from insufficient blood retummg to flie heart after each beat. This results in a 
decrease in forward blood flow out of the heart and eventually to low blood pressure. It 
would therefore be desirabl^i to provide techruques or devices that would increase venous 
blood flow to the heart when a person suffers from low blood pressure. According to the 
invention, such an approach could help return blood flow to the heart and result in an increase 
in blood flow to the vital organs. 

ACD-CPR techniques are described in detail in Todd J. Cohen et al.. Active 
Compression-Decompression Resuscitation: A Novel Method of Cardiopulmonary 
Resuscitation, American Heart Journal, Vol. 124, No. 5, pp. 1 145-1 150, November 1992; and 
Todd J. Cohen et al.. Active Compression-Decompression: A New Method of 
Cardiopulmonary Resuscitation, The Journal of the American Medical Association, Vol. 267, 
No. 21, June 3, 1992. These refermces are hereby incorporated by reference. 

The use of a vacuum-type cup for actively conq)ressing and decompressing a 
patient's chest during ACD-CPR is described in a brochure of AMBU Intemational A/S, 
Copenhagen, Denmaric, entitled Directions for Use of AMBU® CardioPump™, published in 
September 1992. The AMBU® CardioPump™ is also disclosed in European Patent 
Application No. 0 509 773 AL These references are hereby incorporated by reference. 

BRIEF SUMMARY OF THE INVENTION 
According to the invention, methods and devices for increasing cardiopulmonary circulation 
are provided. The methods and devices may be used in connection with any generally 
accepted CPR methods or with active compression-decompression (ACD) CPR techniques. 
Preferably, the methods and devices will be used in cormection with ACD-CPR. In one 
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aspect, they may be used in patients with sevm low blood pressure and who are not in 
cardiac arrest and breathe spontaneously. 

Cardiopubnonary circulation is increased according to the invmtion by 
impeding airflow into a patient's lungs during the CPR decompression phase or during a 

5 spontaneous inhalation. This increases the magnitude and prolongs the duration of negative 
intrathoracic pressure during in the patient's chest, i.e., increases the duration and degree that 
the intrathoracic pressure is below or negative with respect to the pressure in the peripheral 
venous vasculature. By chancing the amount of venous blood flow into the heart and lungs, 
since equilibration of intrathoracic pressure during decompression occurs to a greater extent 

1 0 from enhanced venous return rather than nq>id inflow of gases into the chest via the patient's 
airway, cardiopulmonary circulation is increased. 

In a specific embodiment, impeding the airflow into the patient's lungs is 
accomplished by decreasing or preventing ventilation during the decompression phase of 
CPR. The method employs the use of a flow restrictive or limiting member, such as a flow 

15 restrictive orifice disposed within or connected in series with a lumen of a ventilation tube, or 
a pressure*responsive valve within a limien of the tube to impede the inflow of air. The 
pressure-responsive valve is biased to open to permit the inflow of air when the intrathoracic 
pressiu'e falls below a threshold level. In order to properly ventilate the patient, the method 
preferably provides for periodically ventilating the patient through the ventilation tube after 

20 compression of the patient's chest. When periodic ventilation is performed, gases can be 
delivered either through the impeding step or in another onbodiment they can bypass the 
impeding step. In some cases, an oxygen ^uriched gas may be supplied to the pati^t ti^ 
the pressure-responsive valve once this valve opens. 

An exemplary embodiment provides for covering the patient's mouth and nose 

25 with a facial mask. This mask contains means for impeding airflow into the patient's airway 
during decompression of the patient's chest, e.g. eith^ an orifice or valve as just discussed. 

A specific embodiment fiirther provides means for impeding air firom leaving 
the lungs during compression of the patient's chest to fiirther enhance cardiopubnonary 
circulation by enhancing positive intrathoracic pressure during the compression phase. 

30 When performing cardiopulmonary resuscitation to enhance circulation 

according to the invention, an operator compresses a patient's chest to force blood out of the 
patient's thorax. The patient's chest is thra decompressed to induce venous blood to flow into. 
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the heart and lungs from the peripheral vmous vasculature either by actively lifting the chest 
(via ACD-CPR) or by permitting the chest to expand due to its own elasticity (via 
conventional CPR). During the decompression step, airflow is unpeded from entering into 
the patient's lungs which enhances negative intrathoracic pressure and increases the time 

5 during which the thorax is at a lower pressure than the peripheral venous vasculature. Thus, 
venous blood flow into the heart and lungs from the peripheral venous vasculature is 
enhanced. This is because the intrathoracic pressure equilibrium during decompression 
occurs as a result of enhanced venous retum rather than from inflow of air via the trachea. In 
a particular embodiment, compression and decompression of the patient's chest may be 

1 0 accomplished by pressing an applicator body against the patient's chest to compress the chest, 
and lifting the applicator to activd^ Expand the patient's chest. 

An apparatus for enhancing cardiopulmonary circulation according to the 
method comprises an improved endotracheal tube having a flow restrictive element for 
impeding airflow from the patient's limgs during chest decompression. A second apparatus 

15 according to the invention provides for an improved air-delivery system comprising a 

compressible structure having a flow restrictive elemoit included in or attached to an opening 
of the compressible structure to impede the flow of gases to the patienf s lungs. Also, a 
connector is provided for interfacing the compressible stmcture to the patient, preferably by 
attaching a facial mask or endotracheal tube to the structure. 

20 In another aq)ect of the invmtion, a valving system is provided for regulating 

airflow into a patient's lungs when performing cardiopulmonary resuscitation. The system 
includes a housing having an upstream region and a downstream region. A means is 
provided between the upstream region and the downstream region for inhibiting air from 
flowing from the upstream region to the downstream region when the pressure in the 

25 downstream region is less than the pressure in the upstream region. In this manner, air is 
inhibited from flowing into the patient's lungs during decompression of the patient's chest 
thereby forcing more venous blood into the chest and enhancing vital organ perftision. A 
means is fiirther provided for allowing air to flow into the downstream region when 
ventilating the patient. In this way, adequate ventilation can be provided to the patient during 

30 the procedure. 

In one particular aspect, the inhibiting means comprises a valve which inhibits 
airflow from the upstream region to the downstream region when the pressure in the 
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downstream region is less than the pressure in the upstream region. The valve preferably 
includes a di£4)hragm which is closed when the pressure in the downstream region is less than 
or equal to the pressure in the upstream region. Such a configuration prevents air from 
flowing into the patient's lungs during decompression of the patient's chest while allowing air 
5 to be exhausted from the patient's lungs during compression. Preferably, the diaphragm is 
constructed of a flexible membrane. Alternatively, the dis9)hragm can be constructed using a 
ball. 

In anoth^ particular aspect, the diaphragm is biased to open when the pressure 
in the downstream region is about 2 cm H2O or greater, and more preferably at about 2 cm 

10 H2O to 10 cm H2O. Biasing of the diaphragm in this manner increases intrathoracic pressure 
during compression 01 ihe patient's chest to further enhance vital organ perfusion. 

In still a further aspect, the means for allowing air into the downstream region 
includes a means for opening the diaphragm when air is injected into the upstream region to 
ventilate the patient. The means for opening the di^hragm preferably includes an ambient 

1 5 pressure region that is adjacent the diaphragm. When air is injected into the upstream region, 
the pressure within the upstream region increases thereby drawing the diaphragm into the 
ambient pressure region and allowing the air to flow to the patienfs limgs. 

In yet another aspect, the means for allowing air into the downstream region 
includes a manually operable valve at the downstream region which is manually opened to 

20 allow air to flow into the downstream region upon return of spontaneous circulation. In this 
manner, a rescuer can manually open the valve when the patient begins breathing. 

In an alternative aspec^ the means for allowing air into the downstream r^on 
comprises a pressure-responsive valve at the downstream region. The pressure-responsive 
valve allows air into the downstream region whoi the pressure in the downstream region falls 

25 below a threshold level, usually in the range from -3 cm H2O to -30 cm H2O. The pressure- 
responsive valve is advantageous in allowing ventilation to be provided to the patient while 
still employing the di£q)hragm to enhance the extent and duration of negative intrathoracic 
pressure. Examples of pressure-responsive valves that may be used include, for example, a 
spring biased valve, an electromagnetically driven valve, or a valve constructed of any 

30 deflectable material that will deflect when the threshold pressure is exceeded. As one 

specific example, the valve may be constructed of a magnetically charged piece of material 
with a narrow tolerance that is attracted to a gate. This valve will open when the 
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magnetically charged gate pressure is exceeded. In this way, when the negative intrathoracic 
pressure is exceeded, the valve will be pulled away from the gate to permit gases to flow to 
the lungs. Such a valve could also be used in place of the diaphragm valve discussed above. 
In one option, a source of oxygen-enriched gas may be coupled to the 

S pressure-responsive valve to supply an oxygen-enriched gas to the patient when the pressure- 
responsive valve is opened. A regulator may be employed to regulate the pressure and/or 
flow rate of the gas. For example, the pressure may be regulated to be less than the actuating 
pressure of the valve so that the pressurized gas will not flow to the patient's lungs until the 
valve is opened whra the negative intrathoracic pressure is exceeded. 

10 The system of the invention in another aspect is provided with an air exhaust 

opening in the housing at the upstream rf!^m for exhausting air from the housing, A valve is 
provided in the exhaust opening which inhibits air from flowing into the housing through the 
exhaust opening. In this maimer, air exhausted from the patient is in turn exhausted from the 
housing through the exhaust opening. In a further aspect, means are provided for preventing 

1 S air from exiting the housing through the exhaust opening during injection of air into the 
housing when ventilating the patient. Preferably air is injected into the housing from a 
respiratory device, such as a respiratory bag, a ventilator, or the like, or by mouth-to-mouth 
breathing through a port or a mouthpiece. 

In still a further aspect of the invention, an endotracheal tube, a sealed facial 

20 mask, a laryngeal mask, or oth^ airway tube, or the like is provided and is connected to flie 
housing at the downstream region for attachment to the patient The endotracheal tube or like 
device is for insertion into the patient's airway and provides a convenient attachment for the 
valving syston to the patient. 

The invention further provides an exemplary device for increasing 

25 cardiopuhnonary circulation that is induced by chest compression and decompression when 
performing cardiopuhnonary resuscitation. The device comprises a facial mask and a 
housing that is operably attached to the mask. The housing includes a mouth piece and at 
least one inflow valve which prevents respiratory gases from entering the lungs until a 
threshold negative intrathoracic pressure level is exceeded at which time the inflow valve 

30 opens. The housing further includes an air chamber in communication with the mouth piece, 
and a valve member to force air from the air chamber and into the fecial mask when air is 
supplied through the mouth piece. In this way, a rescuer may blow into the mouth piece to 

7 
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periodically ventilate the patient with air or oxygen-enriched gas stored in the chamber, rather 
than introducing respiratory gases from the rescuer's lungs. 

In a similar vein, the invention provides an exemplary method for increasing 
cardiopubnonary circulation that is induced by chest compression and decompression when 

S performing cardiopulmonary resuscitation. According to the method, at least one inflow 
valve and an air chamb^ are int^aced to a patient's airway. Chest compression and chest 
decompression is then performed, with the inflow valve preventing respiratory gases from 
entering the lungs during decompression until a threshold negative intrathoracic pressure is 
exceeded. Air is periodically transferred from the air chamber iiito the patient's lungs so as to 

10 properly ventilate the patient with air. In one exemplary aspect, the air is transferred from the 
air chamber to the patient's Iw;^^ by manually blowing into the chamber. In this way, the 
rescuer may blow into the chamber to transfer air to the patient's lungs without introducing 
respiratory gases from the rescuer's lungs. 

In one embodiment, the invention provides a mechanism to vary the actuating 

15 pressure of the inflow valve. In this way, the rescuer is able to operate the mechanism to vary 
the impedance depending upon the condition of the patient. In some cases, the valve systems 
of the invention may include a pressure gauge to display the intrathoracic pressures. By 
having this information readily available, the rescue has more information to assist in setting 
the desired actuating pressure of the inflow valve. 

20 In one aspect, the varying mechanism is configured to vary the actuating 

pressure to a pressure within the range from about 0 cm H2O to about -30 cm H2O. In another 
aspect, the inflow valve comprises a shaft having a seal that is configured to block an opening 
in the housing, and a spring that biases the seal against the housing. With such a 
configuration, the mechanism may comprise a knob that is movable to vary the biasing force 

25 of the spring. For example, the knob may be rotatably coupled to the shaft so that the rescuer 
may simply turn the knob to vary the actuating pressure. 

In another embodiment, the valve ^stems of the invention may be provided 
with a safety ventilation passage. If the valve system is inappropriately applied to a patient 
who is spontaneously breathing, the patient may breath through this passage while the valve 

30 system is coupled to the patient's airway. A safety mechanism is used to maintain the safety 
ventilation passageway open to permit respiratory gases to freely flow to the patient's lungs 
until actuated by a rescuer to close the safety ventilation passageway. With such an 
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arrangement, the patient is able to freely breathe if they are capable of so doing. If the patient 
stops breaUiing on their own, the rescuer may set the valve system so that the ventilation 
passage is closed and the inflow valve provides flie desired resistance during CPR. In this 
way, respiratory gases are permitted only once the cracking pressure of the threshold valve is 
5 exceeded, or when the patient is actively ventilated. As with other embodiments, the 

cracking pressure may be exceeded by decompressing the patient's chest during CPR, by the 
patient's own inhalation, or the like. 

In one aspect, the safety ventilation passageway is provided through the inflow 
valve when the inflow valve is in an open position. With this configuration, the safety 
1 0 mechanism is configured to maintain the inflow valve in the open position until actuated by 
the rescuer to move the inflow valve to a closed pb^^feion. A variety of ways may be used to 
actuate the safety mechanism. For example, the housing may include a ventilation port to 
permit respiratory gases to be injected into the housing, and the safety mechanism may 
comprise a sensor to sense when the rescuer injects respiratory gases into the housing. In one 
1 S embodiment, a signal from the sensor is used by a control system to move the inflow valve 
from the optni position to the closed position. As an sample, the sensor may be movable 
upon injection of respiratory gases into the housing, and the control system may conq)rise a 
set of gears that are coupled to the sensor and a cam that is movable by die gears to close the 
inflow valve. Alternatively, the control system may comprise an electronic controller, a 
20 solenoid and a cam. This mechanism may be configured to take electrical signals from the 
sensor and to operate ttie solenoid to move the cam and thereby close the inflow valve. As 
another example, a flap may be moved upon injection of the gases. The flap may cause the 
movement of a variety of mechanical components that physically reset the inflow valve to the 
closed position. 

25 A variety of sensors may be used to sense injection of the respiratory gases. 

For example, sensors that may be used include electronic switches that move in a gas stream, 
thermistors to sense temperature changes, CO2 detectors, materials that experience a change 
of resistance when flexed, mechanical flaps that move in a gas stream, and the like. 

The invention also provides methods for increasing the blood pressure in a 

30 spontaneously breathing person. According to the method, an inflow valve is coupled to the 
person's airway and the person inhales and exhales. Ehiring inhalation, the inflow valve 
inhibits or completely prevents respiratory gases from entering the lungs for at least some 

9 
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time to augment the person's negative intrathoracic pressure and thereby assist in increasing 
blood flow back to the right heart of the p^son. In so doing, the person's blood pressure is 
enhanced. The resistance or actuating pressure of the mflow valve may be based on one or 
more sensed physiological parameters. For example, one parameter may be the negative 

5 mtrathoracic pressure. For instance, the inflow valve may be used to achieve a negative 
intrathoracic pressure in the range fifom about 0 cm H2O to -SO cm H2O for flow rates in the 
range firom about zero flow to about 70 liters per minute. Other parameters that may be 
sensed include respiratory rate, end tidal CO2, tissue CO2 content, positive end expiratory 
pressure, blood pressure and oxygen saturation. These parameters may be used individually 

10 or in combination when adjusting the resistance of the inflow valve. For example, even if the 
sensed negative intrathoracic pressurc^^ j ^thin a desired range, the end tidal €02 may be 
outside of a desired range. As such, the resistance of the valve may be adjusted until the end 
tidal CO2 is acceptable. Conveniently, the inflow valve may be manually operated or 
operated in an automated fashion. For example, a controller may be used to receive the 

1 5 sensed parameters and then to send signals to an adjustment mechanism that operates the 
valve to vary the resistance or actuating pressure. 

Such a process may be used to treat a variety of conditions where the person's blood 
pressure is low. For example, such a procedure may be used where the person has low blood 
pressure due to blood loss, due to the administration of a drug, due to a high gravitational 

20 state, due to vasodepressor syncope, due to drowning, due to heat stroke, due to heart attack, 
due to hypothermia, due to right heart failure, after a return to earth from space, due to sepsis, 
pericardial effusion, cardiac tamponade, or the like. 

A further understandmg of the nature and advantages of the invention will 
become apparent by reference to the remaining portions of the ^ecification and drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 IS a graph illustrating thoracic pressure changes over time when compressing and 
decompressing a patient* s chest according to the present invention. 

Fig. 2A is a schematic view illustrating airflow through a ventilation circuit 
30 when compressmg a patient's chest according to the present mvention. 

. Fig. 2B is a schonatic view illustrating airflow through a ventilation circuit 
when decompressing a patient's chest according to the present invention. 

10 
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Fig. 3 is a schematic illustration of a first alternative embodiment of a device 
for impeding airflow into a patient's lungs according to the present invention. 

Fig. 4A is a schematic illustration of a second alternative mbodiment of the 
device for impeding airflow into a patient's lungs according to the present invention. 

Fig. 4B is a schematic illustration of the device in Fig. 4A with a common 
inhalation/exhalation port 

Fig. 5A is a schematic view of a one-way valve used in the device for 
impeding airflow according to the present invention. 

Fig. 5B is a schematic view of the one-way valve in Fig. 5 A that is held open 
after ACD-CPR has ceased. 

Fig. 5C is a schematic view of a one-way v dw that is closed until a threshold 
pressure is present in the tube according to the present invention. 

Fig. 6A is a schematic view of a spring biased inflow valve and a spring 
biased expiration valve to be used in accordance with the present invention- 
Fig. 6B is a schematic view of Fig. 6 A showing the operation of the valves 
during outflow of air. 

Fig. 6C is a schematic view of Fig. 6A showing the operation of the valves 
during inflow of air. 

Fig. 7 is a schematic view of a single valve that is spring biased from both 
sides to be used as an inflow valve and an expiration valve according to the present invention. 

Fig. 8 is a schematic view of a flow restricting orifice to be used with a flow 
restrictive device according to the present invention. 

Fig. 9 is a schematic view of an exemplary embodiment of the device for 
impeding airflow mto a patient's lungs according to the present invention. 

Figs. lOA-lOC are schematic views illustrating another embodiment of the 
present invention allowing for periodic patient ventilation through a bypassing valve. 

Fig. 1 1 is a schematic view of an exemplary valving system for regulating 
airflow into a patient's lungs according to the present invention. The valving system is shown 
with air being exhausted from a patient's lungs during compression of the patient's chest. 

Fig. 12 illustrates the valving system of Fig. 11 during decompression or 
resting of the patient's chest. 

11 
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Fig. 13 illustrates the valving system of Fig. 1 1 with a pressure-responsive 
valve being opened when the negative intrathoracic pressure in the patienf s chest raceeds a 
threshold amount during decompression of the patient's chest. 

Fig. 14 illustrates the valving system of Fig. 1 1 with a diaphragm being 
5 opened during injection of air into the housing when ventilating the patient. 

Fig. IS illustrates the valving system of Fig. 1 1 with a manually operable 
valve being opened to allow air into the patient's lungs upon return of spontaneous 
circulation. 

Fig. 16A is a cutaway side view of exemplary valving system according to the 
i 0 present invention. 

Fig. 16B is a top view of a deC^^r and a fenestrated mount of the valving 
system of Fig. 16A. 

Fig. 16C is an alternative embodiment of the valving system of Fig. 16 A. 
Fig. 16D illustrates the valving system of Fig. 16A with a source of 
1 5 pressurized gas coupled to a pressure-responsive valve according to the invention. 

Fig. 1 7 is a schematic view of an alternative embodiment of a valving system 
having a ball as a diaphragm. 

Fig. 1 8 is a schematic view of a device for impeding air flow into the patient's 
lungs and for providing air to the patient's lungs when needed for ventilation. 
20 Fig. 19 is a side view of one embodiment of a valving system having an 

adjustable pressure responsive valve according to the invention. 

Fig. 20 is a cross sectional side view of the adjustable pressure responsive 
valve of Fig. 19. 

Fig. 21 is a top view of the valve of Fig. 20. 
25 Fig^ 22 illustrates the valve of Fig. 21 with a cap being removed. 

Fig. 23 is a schematic side view of a safety mechanism for a valving system 
that permits respiratory gases to freely flow to the patient's lungs through a ventilation 
passage according to the invention. 

Fig. 24 illustrates the safety mechanism of Fig. 23 when actuated to prevent 
30 respiratory gases from flowing through the ventilation passage. 
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Fig, 25 is a schematic side view of a valving system having an integrated 
safety mechanism that pennits respiratory gases to fieely flow to the patient's lungs through 
an inflow valve according to the invention. 

Fig. 26 illustrates a flow sensor and lever arm of the safety mechanism of Fig. 
S 25 prior to actuation by the rescuer. 

Fig. 27 illustrates the valving system of Fig. 25 when the safety mechanism is 
actuated by the rescuor to closed the inflow valve. 

Fig. 28 illustrates the flow sensor and lever arm of Fig. 26 when actuated by 

the rescuer. 

10 Fig. 29 is an end view of the valving system of Fig. 25. 

Fig. 30 is a more detailed view of the inflow valve e£Fig. 25 when in the open 

position. 

Fig. 3 1 illustrates the inflow valve of Fig. 30 when in the closed position. 

Fig. 32 is a side schematic view of one embodiment of a safety valve shown in 
1 5 a closed position according to the invention. 

Fig. 33 illustrates the safety valve of Fig. 32 in an open position. 

Fig. 34 is a side schematic view of another embodiment of a safety valve 
shown in a closed position accordmg to the invention. 

Fig. 35 illustrates die safety valve of Fig. 34 in an open position. 
20 Fig. 36 is a side schematic view of yet anothor embodiment of a safety valve 

shown in a closed position according to the invofition. 

Fig. 37 illustrates the safety valve of Fig. 36 in an open position. 

Fig. 38 is a schematic side view of an embodiment of a valving system having 
a safety valve that is in a closed position according to the invention. 
25 Fig. 39 illustrates the valving system of Fig. 38 when the safety valve is 

moved to the open position during a gasp by a patient. 

Fig. 40 illustrates the valving system of Fig. 38 during ventilation which 
causes the safety valve to move back to die closed position. 

Fig. 41 is a schematic diagram of a valving system having a pressure gauge to 
30 measure pressures within the valving system according to the invention. 

Fig. 42 is a cross-sectional schematic view of one embodiment of a system for 
treating a breathing person who is in shock according to the invention. 
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Fig. 43 is top schematic view of the system of Fig. 42* 
Fig. 44 illustrates die system of Fig. 42 when the p^son is inspiring.. 
Fig. 45 illustrates the system of Fig. 42 when the person is exhaling. 
Fig. 46A illustrates one embodiment of an iniflow valve according to the 

S invention. 

Fig. 46B illustrates the inflow valve of Fig. 46A when the resistance to flow 
has been increased. 

Fig. 47 A illustrates anoth^ embodiment of an inflow valve according to the 

invention. 

10 Fig. 47B illustrates the inflow valve of Fig. 47A when a disk has been moved 

to increase flow resistance according to the invention. 

Fig. 48A illustrates yet anoth^ embodiment of an inflow valve according to 

the invention. 

Fig. 48B illustrate the inflow valve of Fig. 48 A when a disk has been rotated 
1 5 to increase resistance according to the invention. 

Fig. 49A illustrates a further embodiment of an inflow valve according to the 

invention. 

Fig. 49B illustrates the inflow valve of Fig. 49A when compressed to increase 
flow resistance. 

20 Fig. SOA illustrates yet another embodiment of an inflow valve according to 

the invention. 

Fig. SOB illustrates the inflow valve of Fig. SOA when compressed to increase 
flow resistance. 

Fig. SI A illustrates a further embodiment of an inflow valve according to the 

25 invention; 

Fig. SIB illustrates the inflow value of Fig. SI A when compressed to increase 
flow resistance. 

Fig. S2A illustrates still a further embodiment of an inflow valve according to 

the invention. 

30 Fig. S2B illustrates iris mechanisms that have been operated to increase the 

resistance to flow of the inflow valve of Fig. S2A. 
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Fig. 53A illustrates still a further cmbodimOTt of an inflow valve according to 

the invention. 

Fig. 53B illustrates the inflow valve of Fig. 53A when a disk has been pivoted 
to increase flow resistance. 

Figs. 54A through S4C illustrate one embodiment of a method for treating 
shock according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 
According to the present invention, methods and devices for increasing cardiopulmonary 
circulation induced by chest compression and decompression when performing 
cardiopulmonary resuscitation are provided. Such methods and devices ma/ bs used in 
connection with any method of CPR in which intrathoracic pressures are intentionally 
manipulated to improve cardiopulmonary circulation. For instance, the present invention 
would improve standard manual CPR, "vest" CPR where a circumferential collar is 
compressed in a repetitive manner to promote blood flow from the heart, CPR with a newly 
described Hiack Oscillator ventilatory system which operates essentially like an iron-lung- 
like device, phrenic nerve stimulators, including those described in copending U.S. 
Application Nos. 09/095,916, filed 06/1 1/98; 09/197,286, filed 1 1/20/98; 09/315,396, filed 
05/20/99; and 09/533,880, filed 03/22/00, the complete disclosures of which are herein 
incorporated by reference, interposed abdominal compression-decompression CPR, and 
active compression-decompression (ACD) CPR techniques. Alttiough the present invaition 
may improve all such techniques, the followmg description will refer primarily to 
improvements of ACD-CPR techniques in order to simplify discussion. However, the 
claimed methods and devices are not exclusively limited to ACD-CPR techniques. 

The proper performance of ACD-CPR to increase cardiopubnonary circulation 
is accomplished by actively compressing a patient's chest with an ^licator body. 
Preferably, this ^plicator body will be a suction-type device that will adhere to the patient's 
chest, such as the AMBU® CardioPump™, available fiom AMBU International, 
Copenhagen, Denmark. After the compression step, the adherence of the applicator body to 
the patient's chest allows the patient's chest to be lifted to actively decompress the patient's 
chest. The result of such active compression-decompression is to increase intrathoracic 
pressure during the compression step, and to increase the negative intrathoracic pressure 
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during the decompression step thus enhancing the blood-oxygenation process and enhancing 
cardiopulmonary circulation. ACD-CPR techniques are described in detail in Todd J. Cohen 
et al.. Active Compression-Decompression Resuscitation: A Novel Method of 
. Cardiopulmonary Resuscitation^ American Heart Journal, Vol. 124, No. S, pp. 1 14S-1 150, 

5 November 1 992; Todd J. Cohen et al.. Active Compression-Decompression: A New Method 
of Cardiopulmonary Resuscitation, The Journal of the American Medical Association, Vol. 
267, No. 21, June 3, 1992; and J. Schultz, P. Coffeen, et al.. Circulation, 89:684-693, 1994. 
These references are hereby incorporated by reference. 

The present invention is especially useful in connection with standard and 

1 0 ACD-CPR techniques. In particular, the invention improves standard and ACD-CPR by 
providing methods and devices which impede airflow into a pe^ticii^'s lungs to enhance 
negative intrathoracic pressure during the decompression of the patient's chest, thus 
increasing the degree and duration of a pressure differential between the thorax (including the 
heart and lungs) and the peripheral venous vasculature. Enhancing negative intrathoracic 

1 5 pressure with simultaneous impedance of movement of gases into the airway thus enhances 
venous blood flow into the heart and lungs and increases cardiopuhnonary circulation. 

In a broad sense, the present invention provides for occluding a patient's 
airway to prevent foreign (outside) air from flowing to a patient's lungs during the active 
decompression step of ACD-CPR to enhance and sustain the duration of negative 

20 intrathoracic pressure and enhance blood oxyg^iation and cardiopulmonary circulation 
during both active decompression and the subsequent compression phase. The patient's 
airway may be occluded or inflow of gases impeded by any suitable device or mechanism 
such as by an endotracheal tube, a device attached to an ^dotracheal tube, a facial mask, a 
mouth piece used in mouth-to-mouth resuscitation, oropharyngeal airway, laryngeal mask 

25 airway, and the like. 

A further aspect of the present invention provides for allowing impeded air to 
flow into the patient's lungs during the active decompression step of ACD-CPR in order to 
piovide some ventilation to the patient while still enhancing the extent and duration of 
negative intrathoracic pressure to enhance blood oxygenation. Impeding airflow to the 

30 patient's lungs may be accomplished by any flow restrictive element such as an orifice, a one- 
way valve, a spring biased or other valve which is set to open when the negative intrathoracic 
pressure is in the range fifom about 0 cm H2O to -1 00 cm H2O, and more preferably firom 
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about -3 cm H2O to about -30 cm H2O. A valve designed to open at a threshold pressure 
value may be either fixed or variable, i.e., the pressure at which the valve opens may be 
adjusted or may be permanently fixed. Further, examples of pressure-responsive valves that 
may be used include, for example, an electromagnetically driven valve or a valve constructed 

5 of any deflectable material that will deflect when the threshold pressure is exceeded. As one 
specific example, the valve may be constructed of a magnetically diarged piece of material 
with a narrow tolerance that is attracted to a gate. This valve will open^ i.e. separate fiom the 
gate, when the magnetically charged gate pressure is exceeded. In this way, when the 
negative intrathoracic pressure is exceeded, the valve will be pulled away from the gate to 

10 permit gases to flow to the lungs. 
-f^r^ In some cases, a safety' mechanism may be provided to permit respirator/ 

gases to freely flow to the patient's lungs until the safety mechanism is actuated by the 
rescuer. In this way, the valving system may be coupled to the patient but will only impede 
patient inspiration until actuated by the rescuer. 

1 5 Another aspect of the invention provides for air to be impeded from leaving 

the patient's lungs during compression of the patient's chest to further enhance 
cardiopulmonary circulation by enhancing intrathoracic pressure during the compression 
phase. Typically, air is impeded firom leaving the lungs during the compression phase when 
the positive intrathoracic pressure is in the range from about 2 cm H2O to SO cm H2O, and 

20 more preferably fiiom about 2 cm H2O to about 20 cm H2O. Valves that may be used to 
accomplish such a feature include, for example, a spring valve, a diaphragm valve, include 
di£q)hragms constructed of silicone, and a magnetically charged plate that is coupled to a gate. 
In this maimer, when the positive pressure exceeds the magnetic force, the plate is forced 
away from the gate to permit the gases to exit the lungs. 

25 Another aspect of the present invention provides for ventilating the patient 

during CPR. Ventilation of the patient in one embodiment is performed at a^bout every two to 
20 compressions, preferably twice every fifteen compressions, thus providing sufBcient firesh 
air for adequate gas exchange with the blood in the lungs to the patient Ventilating the 
patient may be accomplished by any device or method suitable such as by mouth-to-mouth 

30 resuscitation, by a compressible or collapsible structure, by a ventilatory bag such as the 
AMBU bag available from ANdBU, Copenhagen, Denmarlc, or the like. Ventilation could 
also be superimposed on the compression phase to fiirther augment positive intrathoracic 
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pressure. Furthermore, periodic ventilation could be performed either through the impeding 
step or by bypassing the impeding step ahogether. 

In an alta:native embodiment, ventilation may be provided by introducing 
oxygen-enriched respiratory gases through the pressure-responsive valve that pemiits gases 

S into the lungs during the decompression step once a certain threshold negative mtrathoracic 
pressure is exceeded. This could be introduced under pressure or at atmospheric pressure In 
this way, during each decompression step, respiratory gases may be supplied to the lungs to 
ventilate the patient. Use of a pressurized gas is advantageous in that more respiratory gases 
may be supplied to the lungs once the pressure responsive valve opens. The pressurized gas 

1 0 may be supplied by connecting a pressurized gas source, such as a pressurized tank or bag of 
02, to the back side of the pressure-responsive valve using a length of t^rjidg. Conveniently, 
a regulator may be positioned between the pressure source and the valve to regulate the 
pressure and/or flow rate of the gas supplied from the pressure source. The pressure may be 
regulated such that it is less than the actuating pressure of the valve, e.g. by about 1 to 3 cm 

15 H2O, so that the valve will not prematurely open. For example, if respiratory gases are to be 
supplied to the patient when the negative intrathoracic pressure exceeds -14 cm H2O, the 
pressure of the gas from the gas source must be set to less than 14 cm H2O. 

When ventilating a patient, the valves of the invention may be modified to 
regulate the flow rate of air into the lungs. This may be accomplished for example, by 

10 including a flow regulator, valve, restriction, reduced size orifice or the like within or 
associated with the valve so that as respiratory gases are injected into the valve, their flow 
rate is limited below a threshold amount as the gases enter the patirat's airway. By 
regulating the flow rate of injected respiratory gases, the pressure on the esophagus may be 
kept within certain limits to prevent gastronomic distention. For example, a reduced size 

25 orifice may be provided at or near the exit opening of the valve system housing to regulate 
the gas flow rate before the gases enter the patient's airway. In this way, a technique is 
provided to ensure that substantially all of the injected respiratory gases enter the patient's 
lungs. 

One significant advantage of the invention is the ability to increase a person's 
30 blood pressure. By interfacing the valving systems of the invention with spontaneously 

breathing patients, the valving systems are able to increase the negative intrathoracic pressure 
when the person inhales. By so doing, more blood is returned to the right heart, thereby 
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increasing the person's blood pressure. The valving systems used to increase the person's 
blood pressure may initially completely prevent gas flow to the lungs during an inspiratory 
effort, or provide some measure of resistance. The complete prevention or initial resistance 
may be adjusted sometime during the breathing maneuver so that gas flow may proceed to 

5 the person's lungs for at least a portion of the inspiratoiy cycle. For example, if using a 

pressure responsive valve, the valve may be set to open when reaching a pressure in the range 
from about 0 cm H2O to about -50 cm H2O, moire preferably from about 0 cm H2O to about - 
20 cm H2O, and most preferably from about -S cm H2O to about -IS cm H2O for flow rates of 
about zero flow to about 70 liters per minute. For valves that simply provide resistance, the 

1 0 valve may be configured to provide similar resistances during the inspiratory effort. Further, 

i one or more sensors may be used to sense various physiological parameters and may be used- 
to manually or automatically vary the cracking pressure of the valve or the amount of 
resistance produced by the valve. 

Examples of situations where the valving systems of the invention may be 

1 5 used to increase blood pressure include those where a spontaneously breathing patient has 
experienced blood loss, or after receiving a drug (includmg an anesthetic agent) that causes a 
decrease in blood pressure. Patients with low blood pressure oftra suffer from insufficient 
blood returning to the heart after each beat. This results in a decrease in forward blood flow 
out of the heart and eventually to low blood pressure. By interfacing the valving systems to 

20 the airway, the amoimt of venous return to the right heart is increased to increase blood 

pressure. Another example is where a spontaneously breathing patient is in shock secondary 
to profoimd blood loss and needs increased blood flow to the right heart. As a further 
example, such techniques may be used with pilots or astronauts to increase blood flow back 
to the right heart in high gravitational states or when returning to earth after space flight, and 

25 in patients vfho suffer from a r^id decrease in blood pressure due to vasovagal or 

vasodepressor syncope. Further examples include low blood pressure due to heat stroke, 
drowning, heart attack, right heart failure, sepsis, pericardial effusion, tamponade, or the like. 

In one option, any of the valving systems may include an electronic device and 
an associated speaker to produce voice prompts on how to perform CFR using the valving 

30 systems. Such voice prompts may have instructions for interfacing the valving system, 
applying chest compressions, giving ventilations, and the like. Also, a metronome may be 
provided to assist the rescuer in providing appropriate chest compressions. Such techniques 
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are described in copending U.S. Application No. 09/8S4,404» filed 5/1 1/01 (attorney docket 
no. 16354-004300), the complete disclosure of which is herein incorporated by reference. 

The valving systems of the invention may also incorporate or be associated 
with sensors that are used to detect changes in intrathoracic pressures or other physiological 

5 parameters. In this way, spontaneous patient breathing may be detected. This in turn may be 
used to control the valving system so that the patient may breathe without any resistance once 
the sensor is activated by achieving a certain intrathoracic pressure one or more times. 
Examples of such sensors are described in U.S. Patent No. 6.155,257, the complete disclosure 
of which is herein incorporated by reference. 

.0 Any of the sensors described herein may be configured to wirelessly transmit 

their measured signals to a remote receiver that is in conomunication with a controiler. In 
turn the controller may use the measured signals to vary operation of the valve systems 
described herein. For example, sensors may be used to sense blood pressure, pressures 
within the heart, or the like and to wirelessly transmit this information to a receiver. This 

1 5 information may then be used by a controller to control the actuating pressure or the 

resistance of an inflow valve, to control the actuating pressure or resistance of an expiratory 
valve, to control the injection of oxygen or other gases, to control the administration of drugs 
or medications, or the like. 

The valve systems and/or facial masks of the invention may also include one 

20 or more ports for the administration of drugs or other medicaments to Uie patient's respiratory 
system. For example, ports may be provided for injecting medicaments by a syringe or 
pressurized canister. As another example, a nebulized liquid medicament may be suppUed 
through such a port. As a fiirther example, a powdered medicament may be supplied through 
such a port. 

25 Another feature of the invention is that it may be used to decrease intracranial 

pressures that often result fit>m trauma to the head. By decreasing intrathoracic pressures 
using the valve systems and techniques of the invention, the resistance of venous return from 
the brain to the heart is decreased. As such, more venous blood may be removed from the 
brain, thereby decreasing intracranial pressures. For example, any of the valve systems of the 

30 invention may be coupled to the patient's airway so that as the patient breathes, the negative 
intrathoracic pressures generated by the patient are augmented to draw venous blood out of 
the brain. 
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Referring now to Fig. I» a graph illustrating thoracic pressure changes over 
time when compressing and decompressing the patient's chest is shown. Area 10 rq)resents 
the amount of thoracic presswe during the compression phase of ACD-CPR. Cross-hatched 
area 12 represents the negative thoracic pressure during the decompression step of ACD-CPR 

S without a flow restrictive means to restrict the flow of air into the patient's lungs. Double 
cross-hatched area 14 represents the increase in negative thoracic pressure when the patient's 
airway is occluded according to the present invention during the decompression step of ACD- 
CPR. The significance of the increase in negative intrathoracic pressure during the 
decompression step is that more venous blood is forced into the chest fh>m the peripheral 

10 venous vasculature. Consequently, more blood is allowed to be pxygenated and more blood 
is forced out of the chest during the next compression. 

In an exemplary embodiment, airflow may be impeded to the patient's lungs 
during decompression of the patient's chest by placing a ventilatory mask over the patient's 
mouth and nose. The ventilatory mask also has a pressure-responsive valve attached to 

1 5 prevent airflow to the patient's lungs until the negative intrathoracic pressure of the patient 
reaches a threshold amount. Also attached to the mask and the pressure-responsive valve is a 
ventilatory source to provide ventilation to the patient. The ventilatory source may be any 
device or sqiparatus suitable for properly ventilating the patient. Preferably, the ventilation 
source will be an AMBU bag. When ventilation is needed, the AMBU bag may be squeezed 

20 to force air into the patient's lungs. The AMBU bag is described in U.S. Patent No. 
5,163,424 which is incorporated herein by reference. 

In an alternative embodimrat, a ventilation source, preferably an AMBU bag, 
is used in connection with an improved endotracheal tube. A pressure-responsive valve or 
other flow restrictive element is placed between the AMBU bag and the radotracheal tube. 

25 Preferably, the valve will be positioned within a tube that connects the AMBU bag to the 
endotracheal tube. The combination of the endotracheal tube with the AMBU bag with 
adapter can be included in the definition of a "ventilation tube." Before ACD-CPR is 
performed on the patient, the endotracheal tube is placed in the patient's trachea. During 
decompression of the patient's chest, the valve prevents airflow to the patient's lungs until the 

30 intrathoracic pressure reaches a threshold amount. Additionally, the AMBU bag may be used 
to ventilate the patient at a desired time. Also included in this embodiment is a one-way 
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expiration valve. This valve allows for expiration of air from the patient during the 
compression step. 

In a modification of either of the first two embodiments, a pressure-responsive 
expiration valve may also be inserted between the AMBU bag (or comparable ventilation 

5 source) and the mask or endotracheal tube. This valve works in a similar manner to the 
pressure-responsive valve which restricts airflow into the patient's lungs. However^ the 
pressure-responsive expiration valve restricts airflow fix>m the patient's lungs during the 
compression step of ACD-CPR. An equivalent valve is a positive end-expiratoiy pressure 
(PEEP) valve avail^le fix>m AMBU International, Copenhagen, Denmark. Use of such an 

1 0 pressure-responsive expiration valve during compression may fiirther increase intrathoracic 
'?l^r.i pressure and thereby force more blood out of the thorax. l 

In another alternative embodiment, an improved endotracheal tube is used to 
restrict airflow into the patient's lungs during the active decompression step. Included in the 
endotracheal tube is a flow restrictive element which operates to impede air fipom flowing into 

IS the patient's lungs. When the endotracheal tube is inserted into the patient's trachea and the 
patient's chest is actively decompressed, the flow restrictive element impedes air fit>m 
flowing to the patient's limgs slowing the rise in intrathoracic pressure and thus enhancing 
blood oxygenation. 

When using the improved endotracheal tube during ACD-CPR, periodic 

20 ventilation of the patient will usually still be performed to enhance gas exchange to the 

patient With the improved endotracheal tube, such manual ventilation may be accomplished 
by placing a ventilation source at the opaiing of the endotracheal tube to force oxygen 
through the endotracheal tube and into the patient's lungs. 

Referring now to Fig. 2A, a schematic view illustrating airflow through a 

25 ventilation circuit 20 when compressing a patient's chest according to the present invention is 
shown. During ACD-CPR, the chest is actively compressed forcing air out of the lungs. This 
air is allowed to expire through a one-way expiration valve 22 within a ventilation circuit 20. 

Referring now to Fig. 23, the same schematic is shown illustrating airflow 
through the ventilation circuit 20 when decompressing the patient's chest. Whai the patient's 

30 chest is actively decompressed, a negative intrathoracic pressure is created. Wh^i this 
pressure reaches a threshold amount, the inflow valve 24 will open causing air to flow 
through the ventilation circuit 20 into the patient's lungs. Air is allowed into the ventilation 
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circuit 20 through a ventilation valve 26 and into a ventilation bag 28. From the ventilation 
bag 28, the air passes through the inflow valve 24 when the negative intrathoracic pressure 
reaches the threshold amount. The ventilation bag 28 is also used to manually ventilate the 
patient during ACD-CPR as required. 
5 The method as discussed in connection with Figs. 2A and 2B requires the 

chest to be compressed in the range from about 3.5 cm to 5 cm per compression and at a rate 
from about 60 to 100 compressions per minute for adults. 

Referring now to Fig. 3, a schematic illustration of a first alternative 
embodiment of a device 35 for impeding airflow into a patient's lungs according to the 

10 present invention is shown. The device 35 comprises an endotracheal tube 36 which is 
placed it^&^^the patient's trachea and provides a ventilation passageway. Connected to the 
endotracheal tube 36 is a transition tube 38 which connects the endotracheal tube 36 to the 
ventilation bag 28. Although the endotracheal tube 36 is shown connected to the ventilation 
bag 28, the endotracheal tube 36 can be used alone or in connection with the ventilation bag 

1 5 28. The ventilation bag 28 can comprise any type of ventilation source capable of ventilating 
the patient such as a compressible or collapsible structure. Preferably, the ventilation bag 28 
consists of an AMBU bag. Attached or connected to the end of the ventilation bag 28 is a 
one-way ventilation valve 26. The ventilation valve 26 serves to introduce air into the device 
35. Attached or connected to the transition tube 38 is an inflow pressure-responsive valve 24. 

20 The inflow valve 24 is biased so that it opens when the negative intrathoracic pressure in the 
patient's chest reaches a threshold amount. As shown, only one inflow valve 24 is included in 
the device 35. However, the invention is not limited to only one inflow valve 24. 
Alternatively, a plurality of inflow valves 24 could be connected in series along the 
ventilation tube 38. The inflow valve 24 is also not limited to being connected in the center 

25 of die transition tube 38, but may be positioned anywhere along the transition tube 38. The 
inflow valve 24 could be permanently attached to the ventilation bag 28 or transition tube 38 
or could be detachable. Alternatively, the inflow valve 24 could be connected to the 
ventilation bag 28 itself or to the endotracheal tube 36. 

The device 35 also contains a one-way expiration valve 22 which allows for 

30 air to be expired from the patient's lungs. This generally occurs during the compression 
phase of ACD-CPR. To insure that the air rapired from the patient's lungs will exit through 
the expiration valve 22, a one-way fish moutti valve 37 (the preferred valve) or any other type 

23 



wo 02/092169 



PCT/US02/14039 



of one-way valve can be placed between the inflow valve 24 and the expiration valve 22. 
Alternatively, the inflow valve 24 itself may be configured as a one-way valve. In either 
case, air flowing from the endotracheal tube 36 toward the ventilation bag 28 will be forced 
to expire through the expiration valve 22. 

S The device 35 may be further modified to include a pressure-responsive 

expiration valve 39 (not shown) located between the endotracheal tube 36 and the transition 
tube 38. The pressure-responsive expiration valve works in a reverse manner to that of the 
inflow valve 24. Specifically, the pressure-responsive expiration valve is biased so that 
during the compression step of ACD-CPR, air will be allowed to expire from the patient's 
.0 lungs only when the intrathoracic pressure reaches a threshold amount. The increase in 

* intrathoracic pressure caused by the pressure-responsive expiration valve 39 during 

compression may assist in forcing more blood out of the thorax and reduce atelectasis of the 
lungs. 

The purpose of the ventilation bag 28 is to provide ventilation to the patient 

15 during ACD-CPR. When the ventilation bag 28 comprises an AMBU bag or similar bag used 
for ventilation, ventilation of the patient may be performed by merely squeezing the AMBU 
bag with a human hand. This forces air to the patient's lungs as desired. 

Referring to Fig. 4A, a second alternative embodiment of the device for 
impeding airflow into a patient's lungs according to the present invention is shown. This 

20 particular embodiment is a modified and improved endotracheal tube. Hence, the second 
alternative embodiment comprises an endotracheal tube 36 having two lumens at its proximal 
end. The first lumen is an outflow lumen 40, and the second hxmen is an inflow lumen 42. 
Located within outflow lumen 40 is a one-way pressure-responsive expiration valve 44 which 
operates m a manner similar to that discussed in connection with Fig. 3, except that the 

25 expiration valve 44 is specifically designed as a one-way valve. Located within inflow lumen 
42 is a one*way pressure-responsive inflow valve 45 which operates to impede airflow to the 
lungs as discussed in connection with Fig. 3, except that the inflow valve 45 is also 
specifically designed as a one-way valve. Also shown in inflow lumen 42 and outflow lumen 
40 is an O-ring 46 which will be discussed subsequently. Inflow valve 45 and expiration 

30 valve 44 are designed as one-way valves so that during the compression phase, air can only 
be expired fix>m the patient through the endotracheal tube 36 whm the intrathoracic pressure 
reaches a threshold amount At that moment, expiration valve 44 opens and air expires fix>m 
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the patient through the outflow lumen 40. During decompression, air cannot flow through the 
endotracheal tube 36 to the patient's lungs until the negative intrathoracic pressure reaches a 
threshold amount. At that moment, inflow valve 45 opens allowing air to flow through 
inflow lumen 42 to the patient's lungs. Air is prevented from entering through the outflow 

5 lumen 40 because of the one-way expiration valve 44. 

Ventilation is possible with the embodiment disclosed in Figs. 4A and 4B if 
the inflow lumen 42 is connected to a ventilation source such as a ventilation bag. When the 
ventilation bag is squeezed, air is allowed to flow through the mflow lumen 42» through the 
endotracheal tube 36, and to the patient's lungs. In this embodiment, expiration valve 44 is 

10 designed so that during ventilation, expiration valve 44 will remain temporarily closed 
preventing air flowing through inflow lumen 42 escape through) outflow lumen 40. 

Fig. 5 A is a schematic view of a one-way inflow valve 45 used in a device for 
impeding airflow according to the present invention. The inflow valve 45 operates so as to 
allow air only to flow in one direction. As shown, the spring biased inflow valve 45 is 

1 5 completely open. However, the invention also fimctions properly if the spring biased inflow 
valve 45 or the spring biased expiration valve 44 are not fully open. Upon successful 
completion of ACD-CPR, the 0-ring 46 that is positioned above the inflow valve 45 is 
repositioned so that inflow valve 45 is held open as shown in Fig. 5B. Such a positioning of 
O'ring 46 allows for unimpeded airflow to the patient once there is a return of spontaneous 

20 circulation and the inflow valve 45 is no longer needed. An Oring 46 is also used in a 
similar manner to lock the one-way expiration valve 44 in an open position upon return of 
spontaneous circulation. Fig. 5C illustrates the one-way inflow valve 45 in a closed position. 
When closed, the inflow of air through the inflow valve 45 is occluded. 

Fig. 6A illustrates an inflow valve 47 that is spring biased and an expiration 

25 valve 48 that is also spring biased. The inflow valve 47 and the expiration valve 48 are 
connected in series and may be used in the first alternative embodiment as discussed in 
connection with Fig. 3, or with the preferred embodiment discussed following in connection 
with Fig. 9. As shown in Fig. 6C, during the active decompression step, the inflow valve 47 
is biased such thai it will open when the negative intrathoracic pressure reaches a threshold 

30 amount. During the compression phase of ACD-CPR the expiration valve 48 will open to 
allow air to expire from the patient's lungs when the intrathoracic pressure within the patient's 
chest reaches a threshold amount as shown in Fig. 6B. Since neither inflow valve 47 nor 
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expiration valve 48 are one-way valves, a fish mouth valve 37 used in connection with a one- 
way expiration valve 22 as discussed in connection with Fig. 3 must be used. Other valves 
designed upon a similar principle as the fish mouth valve combination with a one-way 
expiration valve could also be used. Only one inflow valve 24 and one positive end pressure 
S valve 44 are shown in Figs. 6A-6C. However, a plurality of inflow valves 47 and/or 
expiration valves 48 may be connected in a permanent or detachable manner in series to 
impede the inflow and outflow of air. 

Although the valves in Figs. 6A-6C are shown as being spring-biased, any 
other valves designed upon a similar principle would woric equally as well. The use of such 
10 valves as disclosed in Figs. 6A-6C is only one embodiment and valves constructed according 

to V2iti0us other methods and materials is also widiin the scope of the invention. • - 

As shown in Fig. 7, the inflow valve 47 and the expiration valve 48 may be 
combined into one joint valve 49 as shown. The joint valve 49 will operate m a manner 
similar to the two valves 47 and 48 as described in connection with Fig. 6. 
1 5 Fig. 8 illustrates a flow restricting orifice 50 to be used to either impede the 

airflow into or out of a patient's lungs. The flow restricting orifice 50 operates so that during 
the decompression step of ACD-CPR airflow is impeded from entering into the patient's 
lungs, thus increasing the negative intrathoracic pressure. Diuing the compression step, the 
flow restricting orifice 50 operates to increase the thoracic pressure in the patient's chest by 
20 restricting air from existing fix>m the patienf s lungs. 

Fig. 9 illustrates an exemplary embodiment for impeding airflow into a 
patient's lungs according to the present invention. As shown, the device 51 comprises a 
ventilation bag 28 that is connected to a facial mask 52 by an inflow valve 24 and an 
expiration valve 22. Although the facial mask 52 is shown connected to the ventilation bag 
25 28, the facial mask 52 can be used alone or in connection with the ventilation bag. Between 
the inflow valve 24 and the expiration valve 22 is a one-way fish mouth valve 37 or any other 
type of one-way valve to prevent air firom exiting the patient's lungs and flowing to the 
ventilation bag 28. The ventilation bag 28 also contains a one-way ventilation valve 26 for 
allowing air to inflow into the device 51 . The exemplary embodiment operates in a manner 
30 similar to that of the first alternative embodiment as discussed in connection with Fig. 3. 
However, instead of inserting an endotracheal tube 36 into the patient's airway, the facial 
mask 52 is placed over the patient's mouth and nose. A fecial strap 54 (not shown) may also 
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be wrapped around the head of the patient to secure the ventilation mask 52 to the patient's 
face. 

Device SI is preferably used in connection with an oral airway device (not 
shown) to prevent the patient's airway fix>m becoming occluded, e»g. by the patient's tongue. 

S The oral airway device can be any device that is used to keep the patient's tongue firom 
slipping backward and occluding the airway. Preferably, the oral airway device will be 
curved and constructed of a plastic material and may or may not be attached to the device S 1 . 

During the decompression phase of ACD-CPR, air is prevented firom entering 
into the patient's lungs through the threshold inflow valve 24 thus increasing the negative 

10 intrathoracic pressure. During the compression phase, air is allowed to expire fi:om the 
patient's lungs through th^'^^iration valve 22. Also, the patient can be vmtilated during 
ACD-CPR by manually squeezing the ventilation bag 28, Consequently, the preferred 
embodiment serves to enhance cardiopuhnonary circulation by increasing the negative 
intrathoracic pressure to force more blood into the chest fix)m the peripheral venous 

15 vasculature. 

Figs. 1 OA - IOC show another embodiment of the present invention which 
allows the patient to be ventilated by bypassing the impeding step. The embodiment 
comprises a ventilation tube 60 with a proximal end 62 and a distal end 64 that is connected 
to the patient The ventilation tube 60 has a one-way bypass valve 66 and a one-way pressure 

20 responsive valve 68. The ventilation tube 60 may also have a manual switch 70 attached to 
the bypass valve 66 and extending through a side of the ventilation tube 60. As shown ui Fig. 
lOA, the switch 70 may be set in a closed position so that the one-way pressure responsive 
valve 68 opens when the threshold pressure of the valve 68 has been exceeded. At this point, 
the valve 68 opens allowing for ventilation of the patient As shown in Fig. lOB, die one-way 

25 pressure responsive valve 68 may be bypassed altogether by manually placing the switch 70 
in the open position so that the bypass valve 66 is opened allowing air to flow to the patient 
Fig. IOC illustrates the operation of the bypass valve 66 with the switch 70 in an inactive 
mode. Here, the rescuer perfonning ventilation may do so without added resistance firom the 
impedance step as in Fig. lOA. Instead, bypass valve 66 opens only when the pressure at the 

30 proximal end of the tube 62 is greater than atmospheric pressure (0 mmHg), preferably in a 
range firom about 0 mmHg to S mmHg. During decompression of the patient's chest, the one- 
way bypass valve 66 remains closed unless atmospheric pressure is exceeded. Thus, the 
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patient is ventilated only when the rescuer performing ventilation causes the pressure at the 
proximal end of the tube 62 to exceed atmospheric pressure. The function of the one-way 
bypass valve 66 may be performed by many different threshold valve designs which are 
known in the art. 

5 In another aspect of the invention^ an exemplary vahdng system is provided 

for enhancing the duration and extent of negative intrathoracic pressure during the 
decompre^ion phase of CPR while still providing adequate ventilation to the patient The 
valving system is employed to slow the r^id equilibrium of intrathoracic pressure in the 
chest during decompression by impeding or inhibiting the flow of air into the patient's chest. 

1 0 Lowering of the intrathoracic pressure in this manner provides a greater coronary perfusion 
pressure anc Wcikce forces more venous blood into the thorax. The valving system can be 
employed in a variety of CPR methods where intrathoracic pressures are intrationally 
manipulated to improve cardiopulmonary circulation, including "vest" CPR, CPR 
incorporating a Heimlich ventilatory system, intraposed abdominal compression- 

I S decompression CPR, standard manual CPR, and the like, and will find its greatest use with 
ACD-CPR 

Referring to Figs. 1 1-15, an exemplary embodiment of a valving system 100 is 
shown schematically. The valving system 100 mcludes a housmg 101 having an upstream 
region 102 and a downstream region 104. Held between the upstream region 102 and 

20 downstream region 104 is a diaphragm 106. The diaphragm 106 is preferably a flexible or 
elastom^c membrane that is held over the downstream region 104 to inhibit air from 
flowing from the upstream region 102 to the downstream region 104 when the pressure in the 
doymstream region 104 is less than the pressure in the upstream region 102, except when 
positive pressure, i.e. greater flian atmospheric, is developed in the upstream region 102 when 

25 ventilating the patient The valving systmi 100 fiirthar includes a valve 108 having a plug 
1 10. As described in greater detail hereinafter, the valve 108 is included to provide 
ventilation to the patient when opened. The valve 108 can be manually opened by axial 
translation or it can be automatically opened when the pressure in the downstream region 1 04 
reaches or exceeds a threshold amount, or both. Licluded at the upstream region 1(^ is an air 

30 intake opening 1 12 and an air exhaust opening 1 14. Air is delivered into the housing 101 
through the air intake opening 112, while air is exhausted from the housing 101 through the 
air exhaust op^iing 1 14. An accordion valve 1 16, fish mouth valve, or the like is provided 
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between the air intake opening 1 12 and the air exhaust opening 1 14. As described in greater 
detail hereinafter, the accordion valve 1 16 is used to prevent air that is injected into the air 
intake opening 1 12 from exiting die air exhaust opening 1 14 when ventilating the patient. A 
filter 1 17 is provided for filtering air mjected into the housmg 101 . Optionally, a filter 119 
can be provided in the downstream region 104 for preventing excess body fluids and air- 
borne pathogens bom entering into the system 100. 

Operation of the valving system 100 during compression of a patient's chest is 
illustrated in Fig. 11. As the patient's chest is compressed, air is forced firom the patient's 
lungs and into the downstream region 104. The air forced mto the downstream region 104 is 
directed against the diaphragm 106 forcing the diaphragm into an ambient pressure region 
1 1 8. Air in the downstream regici?104 is then allowed to escq>e into the upstream region 
102 where it is exhausted through the air exhaust opening 1 14. Optionally, the diaphragm 
106 can be biased so that it will not be forced into the ambient pressure region 1 1 8 until the 
pressure within the downstream region 104 is about 2 cm H2O or greater, and more 
preferably at about 2 cm H2O to 4 cm H2O. 

Operation of the valving system 100 during decompression (or resting) of the 
patients chest is illustrated in Fig. 12. As the patient's chest is actively lifted (or allowed to 
expand on its own), air is drawn fix>m the downstream region 104 and into the patient's lungs, 
thereby reducing the pressure in the downstream region 104. The resulting pressure 
differential between the regions 102, 104 holds the diaphragm 106 over the downstream 
region 104 to prevent air fix>m the upstream region 102 fiom flowing to the downstream 
region 104. In this way, air is inhibited fix>m flowing into the patient's lungs during 
decompression of the patient's chest, thereby lowering the intrathoracic pressure to increase 
the coronary perfiision pressure and to force more venous blood into the thorax. 

Various ways of providing ventilation to the patient using the valving system 
100 are described in Figs. 13-15. Fig. 13 illustrates airflow into the downstream region 104 
and to the patimt's lungs during decompression of the patirat's chest after a threshold amount 
of negative intrathoracic pressure has been reached. Ventilation in this manner is 
advantageous in that the valving system 100 can be employed to produce at least a threshold 
amount of intrathoracic pressure to enhance blood flow into the heart and lungs. Once such 
as pressure is reached, some air is allowed to flow to the patient's lungs to ventilate the 
patient 
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Air is allowed to enter the downstream region 104 when the threshold amount 
of intrathoracic pressure is reached by configuring the valve 108 to be a threshold valve. The 
valve 1 08 can be configured in a variety of ways, with a primaiy function being that the valve 
108 allows air to flow into the downstream region 104 when a threshold amount of 

S intrathoracic pressure is reached. This is preferably accon^lished by configuring the plug 
1 10 to be flexible in one direction so that whm the pressure in the downstream region 104 
reaches or exceeds the threshold amount, the plug 1 10 is flexed to provide an opening 126 
between the upstream region 102 and downstream region 104. When the plug 1 10 is flexed, 
air flows fix>m the lower pressure upstream region 102 into the downstream region 104 and to 

0 the patient's lungs. The plug 1 10 therefore acts as a one-way valve allowing air to flow fiom 
the upstream region l^j2nnto the downstream region 104 when the threshold amount is 
reached, but does not allow airflow from the downstream region 104 to the upstream region 
102. Preferably, the plug 110 will flex to open when the pressure within the downstream 
region 104 is in the range fi-om about 0 mm H2O to 50 cm H2O, more preferably at about 

15 1 0 cm H2O to 40 cm H2O, and more preferably at 1 5 cm H2O to about 20 cm H2O. 

Alternatively, the valve 108 can be placed in the downstream region 104 so that air flows into 
the downstream region 104 directly fix)m the atmosphere when the valve 108 is open. 
Although shown as a flexible plug, it will be appreciated that other types of valve 
arrangements may be used. For example, plug 110 could be replaced with a spring biased 

>0 valve that closes opening 126 until the negative intrathoracic pressure overcomes the force of 
the spring to open the valve in a manner similar to that described in connection with Fig. 
16A. , 

Ventilating the patient by injecting air into the upstream region 102 is 
illustrated in Fig. 14. As air is injected through the intake op^iing 1 12, it passes into the 

25 accordion valve 1 16 and forces the valve 1 16 against a wall 120 and covers a hole 122 in the 
wall 120 to prevent airflow through the ^aust opening 1 14. When the accordion valve 116 
is closed, air flows through a wall 124 of the valve 116 and into the upstream region 102. 
Alternatively, a fish mouth valve can be used in place of the accordion valve 116. Upon 
injection of the air into the upstream region 102, the pressure within the upstream region 102 

30 becomes greater than the pressure in the ambient pressure region 118 and causes the 

diaphragm 106 to be drawn into the ambient pressure region 1 18. An opening between the 
upstream region 102 and the downstream region 104 is created allowing air to flow into the 
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downstream region 104 and into the patient's lungs. Preferably, the patient will be manually 
ventilated by injecting air into the intake opening 1 12 one time eveiy five compressions of 
the chest» and more preferably about two times every 15 compressions of the chest using two 
' rescuers. Similarly, ventilating the patient can occur through the same port where the springs 

5 biased valve is located, such as through valve 160 of Fig. 16A. 

Configuration of the valving system 100 upon return of spontaneous 
circulation is illustrated in Fig. 15. When the paticnf s circulation is restored, the valve 108 is 
manually opened by translating the valve 108 to remove the plug 1 10 fit)m ^erture 126. The 
upstream region 102 and downstream region 104 are then placed in communication to allow 

10 air to be freely exchanged between each of the regions 102, 104. Although shown extending 
through the upstream region 102, the valve 33 can alternatively be placed anywhere along 
the downstream region 104. 

The valve 108 can be configured as a pressure-responsive valve (see Fig. 13), 
as a manually operable valve (see Fig. 15), or both. Further, the valving system 100 can 

1 5 altematively be provided with two or more valves that are similar to the valve 108. For 
example, one valve could be non-translatably held in the housing 101 and provided with a 
pressure-responsive plug 1 10, with the other valve being translatably mounted. In this 
manner, the valve with the flexible plug fimctions as a pressure-responsive valve and opens 
when the threshold pressure is reached, while the translatable valve fimctions to place the 

20 regions 1 02, 1 04 in communication upon manual operation after spontaneous circulation is 
achieved. 

Referring to Figs. 16A and 16B, an exemplary embodimCTt of a valving 
system 130 will be described. The valving system 130 is constmcted of a housing 132 
having an intake opening 134, an exhaust opening 136, and a delivery opening 138. Included 

25 in the exhaust opening 1 36 is a one-way valve 140 which allows air to flow from the housing 
132 and out the exhaust opening 136. An accordion valve 140 is provided between the intake 
opening 134 and an exhaust opening 136 to prevent air injected into the intake opening 134 
horn exiting through the exhaust opening 136. Prefi^bly, the intake opening 134 is 
configured to be attachable to a respiratory device, such as a respiratory bag (including an 

30 AMBU bag), a ventilator, a mouthpiece or port for mouth-to-mouth breathing through the 
system 130, or the like. The delivery opening 138 is preferably configured for connection to 
an endotracheal tube or other airway tube, a sealed facial mask, a laryngeal mask, or the like. 
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Within the housing 132 is an upstream region 142, a downstream region 144, 
and an ambient pressure region 146. Separating the upstream region 142 from the 
downstream region 144 is a diaphragm 148. The diaphragm 148 is preferably constructed of 
an elastomeric material. The housing 132 is preferably cylindrical in geometry at the 

5 downstream region 144, with the dis^hragm 148 resting on the cylinder during ambient 
conditions. During decompression of the patient's chest, the reduction in pressure in the 
downstream region 144 draws the diaphragm 148 against the end of the cylinder to prevent 
exchange of air betweai the upstream region 142 and downstream region 144. During 
compression of the patient's chest, air is forced into the downstream region 144 to force the 

10 diaphragm 148 into the ambient pressure region 146 so that the air exhausted from the 
patient's chest can be exhaust :i;c^&rough the exhaust opening 136. 

As shown best in Fig. 16B, the valving system 130 is further provided with a 
fenestrated mount ISO. In one aspect, the fenestrated mount ISO serves as a mount for 
holding the diaphragm 148 over the downstream region 144. The fenesti'ated mount ISO 

i 5 further provides the ambient pressure region 146. Fenestrations 1S2 are provided in the 

mount 1 SO to allow air to be exchanged through the mount 1 SO. Included on the mount ISO 
is a deflector 1 S4 for deflecting air around the fenestrated mount ISO. Various other 
deflectors 1S6 are provided in the housing 132 for directing airflows between the regions 142 
andl44. A filter 1S8 is provided in the housing 132 to filter air injected into the housing 

20 132. Optionally, a filt^ 1S9 can be provided to prevent excess body fluids from entering into 
thesystan 130. 

The valving system 130 further includes a threshold valve 160 at the 
downstream region 144. When the pressure within the downstream region 144 is less than 
the threshold amount, the threshold valve 160 is opened to allow air to flow into the 

.2S downstream region 144. The threshold valve 160 includes a spring 162 which is configured 
to extend v/hen the threshold amount is reached. Alternatively, the threshold valve 160 can 
be configured similar to the valve 110. Other configurations which allow the for air to enter 
the downstream region 144 when the desired intrathoracic pressure is readied or exceeded 
can also be provided. For example, in a further alternative, the diaq[>hragm 148 can be 

30 constructed to function as a threshold valve to allow air to flow into the patient's lungs when 
a threshold amount of intrathoracic pressure is reached. The di^hragm 148 can be fashioned 
as a threshold valve by constructing the diaphragm 148 of an elastomeric matmal and by 
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providing at least one hole near the periphery. When the diaphragm rests on the cylinder 
forming the downstream region 144, the hole is positioned beyond the periphery of the 
cylinder and in the upstream region 142. As a vacuum is created in the downstream region 
144, the dis^hragm is drawn into the downstream region 144 xmtil the hole is stretched over 

S the cylinder and ov^laps with both the upstream region 142 and the downstream region 144. 
In this way, a fluid path is provided between the regions 142 and 144 when the threshold 
pressure is reached in the downstream region 144. Another alt^natiye of a threshold valve 
1 1 1 is illustrated in Fig. 16C. The valve 1 1 1 is pivot mounted wiftin the downstream region 
144 and is biased closed by a spring 1 13. When the threshold pressure within the 

. 0 downstream region 144 is reached, the spring 1 1 3 is compressed and air is drawn into the 
downstream region 144. i.^^zi 

Referring back to Fig. 16A, the threshold valve 160 can optionally be provided 
within the housing 132 at the upstream region 142. The threshold valve 160 can furth^ 
optionally be provided with an on/off switch for opening the valve 160 when spontaneous 

15 circulation is achieved. In this maimer, a rescuer can open the valve 160 to allow for free 
exchange of air to the patient's lungs when needed. In one alternative as shown in Fig. 16C, 
the mount ISO can be slidably mounted within the housing 132 so that the mount ISO can be 
vertically raised to lift the diaphragm 148 from the downstream region 144 upon successful 
resuscitation of the patient, thereby providing a free flow of air to the patient. The mount 150 

20 can be slidably mounted within the housing 132 by attaching the mount 150 to an extension 
member 133 that is slidable within the housing 132. The member 133 preferably includes the 
intake and exhaust openings 134 and 136. In this way, an easy grasping surface is provided 
whai translating the member 133 to open or close the diaphragm 148. If the diaphragm 148 
were also fa^oned as a threshold valve as previously described, the need for the valves 108 

25 or 1 1 1 could be eliminated. 

The housing 132 can conveniently be constructed in several parts which are 
coimected together at various coimection points. In this manner, the housing can be taken 
apart for connection to other devices, for repair, for cleaning, and the like. For example, one 
coimection point can be conveniently provided near the filter 158 for removably connecting 

30 the portion of the housing having the intake opening 134, the valve 140, and the exhaust 
opraing 136. Alternatively, a connection point can be provided near the mount 150 to 
provide easy access to the mount 150 for cleaning. 
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The valving system 130 can conveniently be incorporated with a variety of 
devices useful in CPR procedures. For example, the valving system 130 can be incorporated 
within a respiratory bag, such as an AMBU bag. Alternatively, the valving system 130 can 
be included as part of a respiratory circuit having both a respiratory bag and an endotracheal 

5 tube or other airway tube, with the valving system 130 positioned betwera the bag and the 
tube. In further alternative, the valving system 130 can be added to an endotracheal tube 
alone. Alternatively, the valving system can be incorporated into a mask, an oralpharyngeal 
airway, a laryngeal mask or oth^ ventilatory devices. 

In some cases, patient ventilation may be provided through threshold valve 

0 160 as shown in Fig. 16D. In such a case, intake opening and valve 140 are optional since all 
ventilation may occur through threshol'cS?.^iilve 160; Of course, ventilation could be provided 
through both avenues. Further, although shown in the context of valving system 1 30, it will 
be appreciated that the other embodiments described herein may be modified to include a 
pressure source that is coupled to the threshold valve. 

.5 As shown in Fig. 16D, a tank 300 of pressurized gas, such as Cb is coi^)led to 

housing 132 by a length of tubing 302. In this way, a pressurized gas may be supplied to the 
back side of threshold valve 160. A regulator 304 is coupled to tank 300 to regulate the 
pressure supplied to threshold valve 160 so that it is less than the pressure required to open 
valve 160. For example, if respiratory gases are to be supplied to the patient when the 

>0 negative intrathoracic pressure exceeds -14 cm H2O, then the actuating valve pressure may be 
set at -14 cm H2O, and the pressure of the gas from tank 300 may be set less than -14 cm 
H2O. In this way, valve 160 will not prematurely open. In some cases, regulator 304 may 
also be used to regulate the flow rate of the gas through valve 160. 

By coupling tank 300 to valve 160, respiratory gases are pulled into 

25 downstream region 144 when valve 160 op^ due to the decrease in negative intrathoracic 
pressure as previously described. In this way, more respiratory gases are supplied to the 
patient each time the patient's chest is decompressed. This approach aUows for negative 
pressure ventilation, unlike positive pressure ventilation which impedes venous return to the 
chest with each active rescuer vratilation. The negative pressure ventilation with this 

30 approach allows for adequate oxygenation and maximum venous blood return during CPR. 
Tank 300 may also function to provide oxygen once the trigger pressure has been achieved. 
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Referring to Fig. 17, an alternative valving system 164 will be described. The 
valving system 164 is shown schematically and operates essentially identical to the valving 
system 100, the difference being that the valving system 164 includes a ball or spherical 
member 166 as the diaphragm. During decompression of the patient's chest, the pressure in a 

5 downstream region 168 is less than the pressure m an upstream region 170 which draws the 
ball 166 over the downstream region 168. The valving system 164 can optionally be 
provided with a spring 172 or other biasing mechanism to hold the ball 166 over the 
downstream region 168 during compression of the patient's chest until a threshold pressure is 
reached or exceeded in the downstream region 168 as previously described. 

0 Referring now to Fig. 1 8, another exemplary device 200 which is useful when 

performing cardiopulmonary resuscitation will be desoibed. -.43 described in greater detail 
hereinafter, one important feature of device 200 is that it may be interfaced to the patient's 
airway to periodically supply air to the patient's lungs when performing cardiopulmonary 
resuscitation. In this way, the patient may be ventilated with air (or oth^ desired gases, such 

5 as O2) rather than with respiratory gases from the rescues lungs as is typically the case when 
performing mouth-to-mouth resuscitation. 

Device 200 comprises a facial mask 202 and a housing 204 that is operably 
attached to facial mask 202 at an interface 206. Housing 204 includes an upper region 208 
and a lower region 210. Lower region 210 includes a pressiure responsive valving system 212 

to which operates in a maimer similar to the embodiments previously described herein to 
prevent the flow of gases into the patient's lungs until a threshold negative intrathoracic 
pressure is exceeded. At this point, pressure responsive valving system 212 allows gases to 
flow into the patient's lungs in a maimer similar to that previously described herein. Lower 
region 210 further includes a fish mouth valve 214 and one-way outflow valves 216. Valves 

15 214 and 216 operate together to allow gases exhausted from the patient's lungs to exit device 
200 as indicated by arrow 218. In particular, when gases are forced out of the patirat's lungs, 
fish mouth valve 214 will be closed and the exhausted gases will escape from device 200 
through valves 216. 

Upper region 208 includes a mouth piece 219 to allow a rescuer to blow into 

30 device 200 when attempting to ventilate a patient (similar to conventional CPR). Upper 

region 208 defines an air chamber 220 for holding room air and has a volume of about 200 ml 
to about 800 ml. Chamber 200 may also be connected to an oxygen source. Disposed within 
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uppa: region 208 is a diaphragm 222 and a spring 224. With (his configuration, when a 
rescuer blows air into mouth piece 219, spring 224 will compress as disq)hragm 222 moves 
downward. In turn, air or oxygen held within air chamber 220 will be compressed and hence 
forced through valving system 212 and into facial mask 202. In this way» air (rather than 

5 respiratory gases) from the rescuer will be supplied to the patient when the rescuer performs 
moutfa-to-mouth resuscitation by blowing into mouth piece 219. 

Upper region 208 further includes a one-way inflow valve 226 which allows 
air chamber 220 to be rq>l^shed with room air following ventilation.. In particular, as 
spring 224 expands valve 226 will open to allow room air to fill chamber 230 due to the 

0 negative pressure created in chamber 230 by ^ring 224. Inflow valve 226 will also open 
when the threshold negative mtrathoracic press;;icris>exceeded causing pressure responsive 
valving system 212 to open. In this way, inflow valve 226 also serves as a venting 
mechanism to vent air into housing 204 when the negative intrathoracic pressure limit is 
exceeded. 

1 5 Hence, device 200 allows a rescuer to ventilate a patient with room air simply 

by blowing into mouth piece 219. Of course, it will appreciated that other desirable gases 
maybe placed within air chamber 220 so that such gases may be supplied to the patient when 
the rescuer blows into mouth piece 219. For example, a volume of O2 may be placed within 
chamber 220. 

>0 As previously described, one aspect of the invention is the ability to prevent 

respiratory gasses from entering the lungs until a certain negative intrathoracic pressure is 
met or exceeded. One aspect of the invention is the ability to vary the pressure at which 
respiratory gasses are permitted to flow to the lungs. In some cases, this may be 
accompUshed by varying the actuating or cracking pressure of the pressure-responsive inflow 

25 valve. However,othermechanismsmaybepn)vided to vary the pressure at which 

respiratory gasses are permitted to flow to the lungs without modifying the cracking pressure 
of the pressure-responsive inflow valve. Hence^ mechanisms for varying the pressure at 
which respiratory gasses are permitted to flow to the lungs may be incorporated in the 
pressure-responsive inflow valve, anodier valve in the valving system, or may be a sq>arate 

30 part of the overall valving system. 

Such a system may be configured so that the actuating pressure may vary 

between about 0 cm H2O to about -30 cm H2O. Further, such a valving system may be used 
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alone with a spontaneous breathing patient or with a patient receiving standard manual 
closed-chest CPR. Such a valving system may also be used in conjunction with other 
resuscitation techniques and/or devices, including, for example, ACD CPR, Vest CPR, or the 
like. In some cases, such a valving system may be used in connection with a diaphragmatic 
S stimulator for purposes of resuscitation from cardiac arrest as well as for increasing blood 
pressure by advancing venous return. Exemplary systems and techniques for diaphragmatic 
stimulation for purposes of resuscitation are described in U.S. Patent Application Nos. 
09/095,916, filed 06/11/98; 09/197,286, filed 11/20/98; 09/315,396, filed 05/20/99; and 
09/533,880, filed 03/22/00, incorporated herein by reference. As a fiuther example, such a 
.0 valving system may be used to improve central blood return to the heart in patients in cardiac 
arrest, patients with low blood pressure and patients in right heart fa^kitf and in shock. 

A variety of mechanisms may be used to vary the degree at which respiratory 
gasses are permitted to flow to the limgs. For example, such a mechanism may be 
mechanical or electronic or may include various combinations of mechanical and electronic 
1 5 components, and may be regulated within a larger system by, for example, electronic 

communication between the device used for resuscitation and the pressure-responsive inflow 
valve. Such a mechanism may also be adjustable based upon the in-line measurement of 
gasses, such as the measurement of end-tidal C02» the average minute ventilations, peak 
negative inspiratory pressures, and the like. 
20 Refening to Fig. 19, one embodiment of a valving system 400 having an 

adjustable pressure-req)onsive inflow valve 402 will be described. Valving system 400 is 
shown schematically and may be constructed similar to any of die mnbodiments described 
herein. As such, when valving system 400 is interfaced with a patient's airway, the patient 
may freely exhale through valving system 400. When attempting to inhale, or during a 
25 decompression step of CPR, respiratory gasses are prevented firom entering the lungs until a 
threshold actuating pressure is reached. At such time, respiratory gasses are permitted to 
flow to the lungs through inflow valve 402 in a manner similar to that previously described 
with other embodiments. 

Inflow valve 402 includes a tension adjust knob 404 that may be turned by the 
30 rescuer to adjust the threshold actuating pressure of inflow valve 402 and will be described in 
greater detail with reference to Figs. 20-22. As best shown in Fig. 20, inflow valve 402 
comprises an outer housing 406 having a set of tracking channels 408 (see Fig. 22). Outer 
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housing 406 is configured to hold an Oring housing 410 having a top segment 412 and a 
bottom segment 414. Disposed between top segment 412 and bottom segment 414 is an O- 
ring 416. Top segment 412 further includes a set of tracking rails 418 that slide within 
tracking channels 408. A tension spnng 420 sits between tension adjust knob 404 and top 

S segment 412 and biases O-ring 416 against out^ housing 406. When 0-ring 416 is biased 
against out^ housing 406 the valve is in the closed position where respiratory gasses are 
prevented fix>m passing throug^h ventilation ports 422 and to the patient's lungs. When the 
negative intrathoracic pressure meets or exceeds the threshold actuating pressure of inflow 
valve 402, the tension in spring 420 is overcome, causing O-ring 416 to separate Sx>m outer 

0 housing 406. At this point, respiratory gasses are free to rush through ventilation ports 422 
and to the patient^s lungs. ( . 

To vary the actuating pressure of inflow valve 402, knob 404 is turned to 
advance or retract a threaded nut 424 along a threaded bolt 426 that in turn is coupled to top 
segment 412. In so doing, the tension of spring 420 is varied to vary the actuating pressure of 

15 inflow valve 402. Hence, knob 404 provides a convenient way for a rescuer to adjust the 
actuating pressure simply by turning knob 404. Although not shown, a pressure gauge may 
be disposed within valving system 400 and a display may be provided to display the negative 
intrathoracic pressure. In this way, the rescuer may readily visualize the pressxires generated 
within valving system 400 and may adjust knob 404 to vary the pressure at which respiratory 

20 gasses are permitted to flow to the lungs. 

Another feature of the invention is the use of a safety mechanism to permit 
respiratory gasses to freely flow to the patient through the valving system until the rescuer 
places the valving system in an operative mode. Once in the operative mode, the valving 
system will remain in that mode indefinitely or for a finite p^od of time, at which the safety 

25 mechanisin would revert back to its initial state where re^iratory gasses may freely flow to 
the lungs. In some embodiments, this may be accomplished by having the safety mechanism 
maintain the pressure responsive inflow valve in the open position (without any impedance to 
inspiratory air flow) until actuated by the rescuer. Actuation may be accompUshed in a 
variety of ways, such as by injected respiratory gasses into the valving system (such as when 

30 ventilating the patient), by operating a button or switch on the valving system, or the like. 

One advantage of such a safety mechanism is that it ensures that the patient 
can freely breathe through the valving system (assuming the patient is spontaneously 

38 



wo 02/092169 



PCT/US02/14039 



breathing or begins to spontaneous breathe) without any resistance from the pressure- 
responsive inflow valve. Once the rescuer is ready to begin a procedure, such as performing 
CPR, the valving system is placed in the operative mode where respiratory gas flow to the 
lungs is prevented through flie pressure-responsive inflow valve until the threshold negative 
intrathoracic pressure is met or exceeded. As with other embodimmts described herein, 
respiratory gasses may also be injected into the patient's lungs through the valving system, 
thereby bypassing the pressure-responsive inflow valve. 

The safety mechanism may operate as a purely mechanical device, a purely 
electronic device, or may include various combinations of mechanical and electronic 
components. One way for placing the valving system in the optative mode is by utilizing a 
sensor to detect when respiratory gasses are injected into the valving system tiirbugh the 
ventilator port. The signal flora the sensor may then be used to close a ventilation passage 
within the valving system. In some cases, the ventilation passage may extend through the 
pressure-responsive inflow valve. To close this passage, the inflow valve is simply closed. 
In some embodiments, if rescuer ventilation is not provided within a certain time, the safety 
mechanism may be used to take the valving system out of its operative mode so that 
respiratory gasses may freely flow to the patient's lungs. 

Referring now to Figs. 23 and 24, one embodiment of a valving system 430 
with such a safety feature will be described. This configuration may be used in series with 
any of the previously described valving systems so that it will have a means of impeding 
airflow to the patient's lungs. Hence, it will be appreciated that valving system 430 may be 
constructed to have, or used in combination with, components similar to the other valving 
systems described herein and will not be illustrated to simpUfy discussion. Valving system 
430 includes a housing 432 that may be sunilar to the housings of the other valving systems 
described herein except that housing 432 includes a safety ventilation port 434 ttiat pmnits 
respiratory gasses to flow into and through housing 432 so that respiratory gasses may flow 
to the patient's lungs as shown by the dashed line in Fig. 23. Hence, as shown in Fig. 23, 
valving system 430 is in a passive mode where the patient may freely breathe through 
housing 432. 

Valving system 430 further includes a safety mechanism 436 that is operative 
to maintain ventilation port 434 open until actuated by a rescuer. When actuated, safety 
mechanism 436 closes ventilation port 434 to place valving system 430 in the operative mode 
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where respiratory gasses are prevented from reaching the lungs through a pressure-responsive 
inflow valve until a threshold negative intrathoracic pressure is met or exceeded in a manner 
similar to that described in other raibodiments. 

Safety mechanism 436 comprises an electronic air flow sensor 438 that is 

5 electrically connected to control circuitry 440. In turn, control circuitry 440 is electrically 
connected to a micro-solenoid 442 having a valve stop 444. A battery 445 is used to supply 
power to the electrical components. When a rescuer is ready to place valving system 430 in 
the operative mode, the rescuer injects re^iratory gasses into housing 432 (such as by 
blowing air or injecting a pressurized gas into a ventilation piort, not shown). As the 

1 0 respiratory gasses flow to the patient's lungs through housing 432, srasor 438 is moved to 
triggo: a switch and to s^d an electrical signal to control circuii^y 440. Control circuitry 440 
then sends a signal to solenoid 442 to move stop 444 and thereby close the valve, thus 
preventing airflow to the patirat through safety ventilation port 434. Such a state is 
illustrated in Fig. 24 where valving system 430 is in the operative mode. At this point, a 

1 5 spontaneously breathing patient will need to breathe through a pressure-responsive inflow 
valve. For a non-breathing patient, respiratory gasses will be prevented from reaching the 
lungs during the performance of CPR until a threshold negative intrathoracic pressure is 
overcome, at which point respiratory gasses may flow through the inflow valve and to the 
patient's lungs in a manner similar to that described with other embodiments. If, after a 

20 certain time, sensor 438 is not actuated by the rescuer, control circuitry 440 may be 

configured to operate solenoid 442 to take valving system 430 out of the operative mode 
where respiratory gasses may flow through safety vratilation port 434. 

In some embodiments, the valving systems of the invention may incorporation 
a safety mechanism having essentially all mechanical elem^its. One such embodiment of a 

25 valving system 480 is illustrated in Figs. 25 through 33 and 36 through 40. Valving system 
480 comprises a housing 482 tiiat houses various components that may be similar to the other 
embodiments described herein. As such, housing 482 includes a ventilation port 484 and an 
exit opening 486. Valving system 480 further includes a pressure-responsive inflow valve 
488 that prevents respiratory gasses from flowing to the patient's lungs until a certain 

30 negative intrathoracic pressure level has been met or exceeded in a manner similar to that 
described with other embodiments. Valving system 480 further includes a safety mechanism 
490 to pemiit respiratory gasses to freely flow to the patient's lungs until operated to place 
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valving system 480 in an operative mode wh^e pressure-responsive inflow valve 488 
controls when respiratory gasses are permitted to flow to the lungs. As described in greater 
detail hereinafter, safety mechanism 490 also includes an inflow valve 492. In some 
embodiments, inflow valve 492 may be configured as a pressure-responsive inflow valve and 

5 thereby eliminate the need for inflow valve 488. 

Safety mechanism 490 fiirtiier comprises a flow soisor 494 that is in the fomi 
of a flap. Flow sensor 494 pivots about a pivot point 496 to move a cam mechanism 498, 
thereby rotating a wheel 500. In Figs. 25 and 30, valving system 480 is m tfie inactive state 
where flow sensor 494 has not yet been activated. When respiratory gasses are directed 

10 through housing 482, flow sensor 494 pivots about pivot point 496 as previously described to 
rotate wheel 500 as illustrated in Figs. 27, 28 and 30. 

As best shown m Fig. 29, wheel 500 is connected to a gear system 502 having 
a recoil spring 504 and a valve cam 506. Recoil spring 504 is employed to bias cam 506 in 
the position illustrated in Figs. 25 and 30 where valve 492 is in the open position. When 

15 gasses flow through housing 482, flow sensor 494 is moved to cause wheel 500 to rotate and 
thereby operate gear system 502. In so doing, cam 506 is rotated to the position shown in 
Figs. 27 and 31 where valve 492 moves to the closed position. Gear system 502 and recoil 
spring 504 opemte to open valve 492 after a certain p^od of time has elapsed, such as about 
10 to 20 seconds. 

20 As best shown in Figs. 30 and 3 1 , valve 492 comprises a valve housing 508 in 

which is held a valve shaft S 10 that holds an O-ring 512. A tension spring 514 is positioned 
between housmg 508 and a projection 516 on shaft 510 to bias the valve 492 in the closed 
position as illustrated in Fig. 3 1 . When a rescuer injects respiratory gasses into the housing 
of the valving $ystem, cam 506 moves to the position shown in Fig. 30 where it engages ^aft 

25 510 and disengages O-ring 512 from housing 508 to place valve 492 in the open position. In 
the open position, respiratory gasses are free to flow through valve 492 and into housing 482 
where they may flow to the patient's lungs through exit opening 486. 

The invention fiirther provides systems having safety features that allow for 
the patient to inhale to a given degree to release the mechanism that is used to impede or 

30 prevent respiratory gases from flowing to the lungs, thereby allowing for resistance free 
inspiration until a timer resets the systems or until the rescuer resets the system. One 
embodiment of a safety valve 600 that may be used with such systems is illustrated in Figs. 



wo 02/092169 



PCT/US02/14039 



32 and 33. Safety valve 600 may be used as a rq)lacement for any of the pressure responsive 
valves described herein, such as, for example, valves 108, 160 and 1 1 1. Valve 600 comprises 
a housing 602 which is covo-ed by a slit membrane 604. A valve member 606 is biased by a 
spring 608 into a closed position as shown in Fig. 32. In the closed position, a wedge 610, 

S that may conveniently be colored for easy identification, extends above the slit in membrane 
604. As such, wedge 610 serves as a visual indicator to the rescuer that valve 600 is in the 
closed position. When interfaced with a patimt and in the closed position, respiratory gases 
may be prevented fiom flowing to the lungs until the negative intrathoracic pressure meets or 
exceeds a threshold value in a manner similar to that described with other embodiments. At 

10 such time, a seal 612 on valve member 606 moves away fiom a stop 614 on housing 602 to 
permit respiratory gases to flow to the lungs. Spring 608 then forces valv^ rihember 606 back 
to the closed position. 

If the patient gasps and begins to breath, the amount of negative pressure 
created by the patient compresses spring 608 far enough so that wedge 610 is pulled through 

1 5 the slit in membrane 604 as shown in Fig. 33. Wedge 610 then holds valve 600 in the open 
position where gases may finely flow to the lungs. The rescuer may easily determine valve 
600 is in the open position by noticing that wedge 610 is no longer visible. The rescuer may 
reset valve 600 at any time by simply pulling on a pull tab 616 to pull wedge 610 back 
through membrane 604. 

20 Another embodiment of a safety valve 620 that may be used in the systems 

described herein is illustrated in Figs. 34 and 35. Valve 620 comprises a housing 622 having 
a stop 624. A micro-solenoid 626 is disposed within housing an includes an arm 628 having 
a pole magnet 629 and a visual indicator 630 at an opposite end. Spaced dpdii fiom pole 
magnet 629 is another pole magnet 632 of opposite polarity that is coupled to a valve member 

25 634 having a seal 636. Coupled to housing 622 is a normally open contact strip switch 638, 
and valve member 634 includes a conductive strip 640. A spring 642 is disposed between 
strip 640 and stop 624. 

Fig. 34 illustrates valve 620 in the closed or active position. During CPR, seal 
636 will separate torn stop 624 to permit respiratory gases to flow to the lungs when the 

30 negative intrathoracic pressure exceeds a threshold value. Valve 620 then returns back to the 
closed position. If the patient gasps, valve member 634 moves to the position shown in Fig. 
35 where conductive strip 640 contacts switch 638. (During normal CPR, valve membar 634 
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is not moved far enough for this contact to occur). This closes the open circuit and activates 
solenoid 626 to extend aim 628 and trigger a timing circuit within a control circuitry and 
battery compartment 644. Magnets 629 and 632 have of^site poles causing valve to remain 
m the open and inactive position as shown in Fig. 35 as long as solenoid 626 is actuated. In 

S this way» the patient may continue to freely breath Ihrou^ valve 620. Although shown with 
opposing pole magnets, it will be appreciated that magnets may be substituted with a solenoid 
arm that may act as a plunger to make physical contact with valve member 634» and thus hold 
the valve open and inactive. The rescuer may note that valve 620 is in the open position by 
noting that indicator 630 has been retracted and is no longer visible. 

1 0 Valve 620 may include an auto/manual switch 646 that may be set in 

automatic mode. In this mode, the timing circuit automatically deactivates solenoid 626 and , 
returns valve 620 back to the closed and active position shown in Fig. 34 after a preset timing 
interval has expired. If switch 646 is set to manual, solenoid 626 remains active and valve 
620 remains open and inactive as shown in Fig. 35 where respiratory gases may freely flow 

15 to the lungs. Valve 620 remains open until the rescuer manually resets solenoid 626 by 
pressuring a manual reset switch 648. The rescuer may note that valve 620 is closed and 
active by observing indicator 630 that is now extended. 

Figs. 36 and 37 illustrate a ftirther embodiment of a safety valve 650 that may 
be used with the systems described herein. Valve 650 comprises a housing 652 having a stop 

20 654. Disposed within housing 652 is a valve member 656 having a seal 658 that contacts 
stop 654 to prevent gases from flowing through valve 650 when in the closed or active 
position shown in Fig. 36. In the closed position, a spring 660 biases seal 658 against stop 
654 until the negative intrathoracic pressure exceeds a threshold value and seal 658 moves 
away from stop 654 to permit respiratory gases to flow to the lungs. Once the negative 

25 intrathoracic pressure falls below the threshold value, valve 650 moves back to the closed 
position. 

Whexi the patient gasps, the force created is great enough to move valve 
member 656 such that a pair of spring loaded pins 662 lodge within grooves 664 of a locking 
pin receptacle 666 on valve member 656 as shown in Fig. 37. In this way, valve 650 is 
30 locked into an open or inactive position that is created by the patient's gasp. As pins 662 

move into grooves 664, the ends of pins 662 move into housing 652 to indicate to the rescuer 
that the valve is inactive. Conv^ently, the ends of pins 662 may be colored to make them 
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more visible to the rescuer. To reactivate valve 6S0, the rescuer may pull upward on a pull 
tab 668 on valve member 656. This releases pins 662 fiom grooves 664 and permit the valve 
to spring back to the closed position of Fig. 36. 

Referring now to Figs. 38-40, a modified version valve 650 is shown 

5 incorporated into a valve system 670 that may be coupled to a patient's airway in a manner 
similar to the other valve system embodiments described herein to regulate the airflow to the 
pati«it*s lungs during a CPR procedure. For convenience of discussion, idmtical elements of 
valVe 650 will use the same refimnce numerals in describing Figs. 38-40. The use of valve 
650 allows the patient to ga^ and breathe fi-ee of airway resistance after the initial gasp has 

10 occurred. Alternatively, valve 650 may be initially set in the inactive position and placed in 
the active state upon the initial ventilation through valve system 670, or upon subsequent 
ventilations if the patient gasps and locks valve 650 open and inactive. 

Valve 650 is incoq>orated into a system housing 672 having an inlet end 674 
and an outlet end 676. Conveniently, patient ventilation may occur through inlet end 674 

1 5 using a ventilatory source similar to other embodiments. Outlet end 676 may be coupled to 
an interface that permits system 670 to be interfaced with the patient's airway. Disposed 
within housing 672 is a one way membrane valve 678 that is spaced apart from port 680. In 
Fig. 38, system 670 is in the resting state where no gasp or ventilation has occurred. When 
performing CPR, the chest is compressed and air forced from the patient is permitted to flow 

20 through port 680 and through valve 678. During decompression of the patient's chest, valve 
membrane 678 moves against port 680 to close the valve as the negative intrathoracic 
pressure is increased. If a threshold pressure is ovoxome, valve 650 opens to permit 
respiratory gases to flow through opening 676 after passing through valve 650. Valve 650 
then moves back to the closed position and the cycle is repeated. 

25 Ifvalve system 670 is coupled to a patient's airway and the patient gasps or begins 

spontaneously breathing, valve system 670 automatically adjusts to the configuration shown 
in Fig. 39 so that the patient may breathe through a resistance fee airway path so that 
respiratory gas exchange may occur. When the patient jgasps or begins to breathe, valve 678 
closes and the negative pressure causes valve 650 to open and lock in place in a manner 

30 similar to that previously described in connection with Fig. 37. In this way, valve 650 
remains open and inactive until reset by the rescuer by pulling on pull tab 668. 
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Another way to place valve 650 back into the closed or active position is by 
ventilating the patient throuigh inlet 674 as shown in Fig. 40. When injecting a respiratory 
gas into inlet 674, the injected gases flow through valve 678 and through port 680 where the 
exit through outlet 676 and to the patient In so doing, the flow of gases moves a ventilation 
flap 682 that m turn moves an arm 684 that is coupled to a wedge 686. Movement of wedge 
686 causes lateral movement of an arm 688 that is connected to a reset wedge 690. Wedge 
690 rests on top of an upward movement ramp 692. As arm 688 is laterally moved, wedge 
690 moves up ramp 692 and contacts pull tab 668. In so doing, valve member 656 is pulled 
up until pins 662 are pulled fiom grooves 664 and valve 650 moves back to the closed and 
active position by force of spring 660, A reset spring 694 then resets ventilation flap 682 
hisx± to its home position and wedge 690 slides back down ramp 692 so that valve 650 may 
be reset back to the closed position if subsequently needed. Valve 650 remains in the closed 
and active position until another gasp or spontaneous breathing occurs. 

Fig. 41 schematically illustrates another embodiment of a valving system 700 
that is configured to display the pressure within the patient's chest during CPR. Valving 
system 700 may be configured to be similar to any of the valving systems described herein. 
Hence, for convenience of discussion, valving systOTi 700 will only be briefly described. 
Valving system 700 comprises a housing 702 having an inlet 704 and an outlet 706. A 
pressure responsive valve 708 is used to control the inflow of gases into housing 702 during 
decompression of the patient 's chest in a manner similar to that described with other 
embodiments. A pressure gauge 710 is provided to measure and display the presfsure within 
housing 702 which corresponds to the pressure within the patirat*s chest In this way, 
pressure gauge 710 may be used to provide immediate feedback to the rescuer and may be 
used as a guide to determine if chest compressions and/or decompressions are being 
appropriately performed. 

A pressure sensing port 712 is connected to a tube 714 that is connected to a 
pressure sensing control unit 716. In this maimer, a change in pressure may be detected 
during either chest compressions or decompressions and act as a counting circuit to trigger 
ventilation control circuitry 718 to automatically ventilate the patient using a ventilator 720 
after a certain number have been detected. 

Alternatively, a digital control unit may be used that displays the pressure 
within the chest as well as the number of compressions between ventilations. With such a 
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configuration, pressure sensing port 712 transmits pneumatically the pressure infomiation. 

As such» a pressure gauge on housing 702 would not be required. 

The valving systems of the invention may also be used to treat shock. Shock 

may conveniently be defined as a critically low blood pressure that, when untreated, may lead 
S to death or disability. Types of shock that may be treated using techniques of the invention 

include, but are not limited to, low blood pressure secondary to blood loss, heat stroke, 

vasovagal syncope (the common £aint), drowning, drug overdose, heart attack, right heart 

failure, return to earth after space flight, sepsis, pericardial effusion, tamponade, and the like. 

Further, the valve systems of flie invention may be used to alter the carotid cardiopulmonary 
1 0 reflex sensitivity that controls blood pressure (by decreasing intra thoracic pressures with 

inspiration). 

The valve system that are employed to treat shock are configured to 
completely prevent or provide resistance to the inflow of respiratory gases into the patient 
while the patient is breathing. For valve systems that completely prevent the flow of 

1 5 respiratory gases, such valves may be configured as press\u*e responsive valves that open 
after a threshold negative intra thoracic pressure has been reached. Valve systems that 
simply provide resistance to the inflow of respiratory gases may also be variable so that once 
a d^ired negative intra thoracic pressure is reached, the resistance to flow may be lessened. 
Fiulher, the valves of the invention may be configured to be variable, eitho* manually or 

20 automatically. The exXaai to which the resistance to flow is varied may be based on 
physiological parameters measured by one or more sensors that are associated with the 
person being treated. As such, the resistance to flow may be varied so that the person's 
physiological parameters are brought within an acceptable range. Examples of physiological 
parameters that may be measured include, but are not limited to, negative intra thoracic 

25 pressure, respiratory rate, end tidal CO2, positive end expiratory pressure, blood pressure, 
oxygen saturation, tissue CO2 content, and the like. If an automated system is used, such 
sensors may be coupled to a controller which is onployed to control one or more mechanisms 
that vary the resistance or actuating pressure of the inflow valve. 

Referring now to Figs. 42 and 43, one embodiment of a system 800 that may 

30 be used to treat a person in shock will be described. System 800 comprises a housing 802 
that is coupled to a facial mask 804. Housing 802 includes an inspiratory fenestrated port 
806 where in^ired gases are permitted to enter housing 802. Disposed below port 806 is a 
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slotted airway resistance mechanism 808 that may be used to completely prevent or provide 
resistance to the respiratory gases flowing into housing 802 through port 806. Resistance 
mechanism 808 is also illustrated in Figs. 46A and 46B and may be constructed of a slotted 
member 810 and a slotted plate 812. Slotted member 810 is movable relative to plate 812 to 

S partially or fully cover the slots in plate 812 as illustrated in Fig. 46B. In this way, the 

resistance to the flow of inspired gases may be increased simply by moving slotted plate 812 
relative to slotted member 810. As best shown in Fig. 42» a motor 814 that moves a shaft 816 
may be employed to translate slotted mmib^ 810 over slotted plate 812 to vary the resistance 
to flow. Optionally, a filter 818 'may be disposed below resistance mechanism 808. 

10 System 800 further includes a one-way valve 820 that prevents expired gases 

from flc /^mjg back up through resistance mechanism 808. Disposed upstream of one-way 
valve 820 is an oxygen port 822 to permit oxygen to be supplied to the person during 
inspiration. System 800 further includes another one-way valve 824 that opens when the 
person expires to permit expired gases fix>m exiting housing 802 through an expiratory port 

15 826. 

System 800 may also include one or more sensors 828 that measure various 
physiological parameters, such as flow rate, internal pressures within the patient, end tidal 
C02» and the like. These sensors may be coiq>led to a circuit board or controller 830 that may 
be programmed to vary operation of motor 814 based on the sensed parameters. In this way, 

20 the measured parameters may be kept within a desired range simply by controlling the 
resistance provided by resistance mechanism 808 in an automated manner. Although not 
shown, it will be appreciated that othor sensors may also be coupled to circuit board 830 and 
may not necessarily be incorporated into housing 802 or mask 804. System 800 niay also 
include a battery 832 to provide power to the various electrical componmts of system 800. A 

25 control button 834 may also be employed to actuate system 800. 

Optionally, to ensure that the inspiratory lumen is never completely occluded 
by the airway resistance mechanisms, molded stops may be fabricated in a manner that the 
airway may always have a slight opening for inspiration to occiur. As another option, the 
valve and sensing system may be attached to other airway devices, including an endo tracheal 

30 tube, a laryngeal mask, or the like. 

Fig. 44 illustrates system 800 when mask 804 is coupled to a person and the 
person inhales. As shown, the inspired gases pass through resistance mechanism 808 which 
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has been operated to increase the resistance to flow. Optionally oxygen may also be supplied 
to the person through oxygen port 822. Fig. 45 illustrates when the person exhales. As 
shown, the expired gases pass through one-way port 824 and througji expiratory port 826. 

Although system 800 has been shown with one particular type of valve, it will 

S be appreciated that a variety of inflow valves may be used including any of those previously 
described. Further, Figs. 47-53 illustrate otho: types of inflow valves that may be used to 
prevent or increase the resistance to flow during an inspiratory effort. Further, any of these 
inflow valves may be coupled to other mechanisms that may be used to operate the valve to 
vary the flow resistance. In this way, a controller may be used to automatically control the 

10 amount of resistance. Further, the controller may be coupled to one or more sensors so. that 
various physiological parameters of the person may be kept within a desired range simply by 
measuring the parameters and using those parameters to vary the amount of resistance. 

Figs. 47A and 47B illustrate an inflow valve 836 that comprises an airway 838 
and a movable disk 840. Disk 840 may be moved by any type of mechanical mechanism to 

1 5 occlude airway 838 as shown to increase flow resistance. 

Fig. 48 A and Fig. 48B illustrate another embodiment of an inflow valve 842 
that comprises an airway 844 and a rotatable disk 846. As shown in Fig. 48B, disk 846 may 
be rotated to increase the amount of flow resistance through airway 844. 

Figs. 49A and 49B illustrate an inflow valve 848 that comprises an airway 850 

20 that is positioned between a pair of plates 852 and 854. As shown in Fig. 49B, a rotatable . 
cam 856 may be employed to move plate 854 to compress airway 850 and thereby increase 
flow resistance. Conveniently, cam*856 may be rotated by a motor 858 that in turn may be 
controlled by a controller m a manner similar to that previously described. 

Figs. 50A and 50B illustrate a further embodiment of an inflow valve 860 that 

25 comprises an airway 862 that is positioned between two plates 864 and 866. In turn, plate 
866 is coupled to a threaded shaft 868 that is movable back and forth by a stepper motor 870 
that may also be coupled to a controller. In operation, stepper motor 870 is employed to 
niove plate 866 against airway 862 as shown in Fig. 50B to increase the resistance to flow. 

Figs. 51 A and 5 IB illustrate an inflow valve 872 that comprises an airway 874 

30 that is positioned between a pair of plates 876 and 878. These plates are coupled to a caliper 
mechanism 880 that in turn is coupled to a lead screw 882 that is movable by a stepper motor 
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884. In this way, stepper motor 884 may be used to operate caliper mechanism 880 to in tum 
squeeze airway 874 as shown in Fig. 5 IB to increase flow resistance. 

Figs. 52A and 52B illustrate an inflow valve 886 that comprises an iris 
occluding mechanism 888. As shown in Fig. 52B, iris occluding mechanism 888 may be 
operated to decrease the size of the airway and thereby increase flow resistance. 

Figs. 53A and 53B illustrate another onbodiment of an inflow valve 890 that 
comprises an airway 892 and a rotatable arm 894 that in tum may be coupled to a stepper 
motor. As shown in Fig. 53B, arm 894 is rotatable over airway 892 to increase resistance to 
flow. 

Figs. 54A through 54C illustrate one exemplary method for treating a person 
in shock. The prac:;^^ begins at stq> 900 whwe the treatment system may be coupled to the 
patient's airway. For example, the system previously described in connection with Fig. 42 
may be coiq)led to the patient's face. The power is turned on as shown in step 902 and the 
airway resistance mechanism may be set to an open position as shown in step 904. The 
treatment mechanism may include various preset physiological parameters that may initially 
be read to determine the person's condition. At step 908, a determination is made as to 
whether a breath has been sensed based on the physiological parameters previously read in 
step 906. If no breath has been sensed, the process is reversed back to step 904 to ensure that 
the airway resistance mechanism is in the open position. 

If a breath has been sensed, the process proceeds to step 910 where the airway 
resistance mechanism is set to a preset position. This position may be based on the initial 
physiological parameters that were sensed in step 906. Further, the airway resistance may be 
set manually or may be done automatically using a controller that is programmed with 
various preset positions based on measured physiological parameters. The process then 
proceeds to step 912 where the physiological parameters are evaluated to determine whether 
the negative inspiratory pressure is acceptable as the patient inhales. If the negative 
inspu^atory pressure is too low, the process proceeds to step 914 where the airway resistance 
is increased. This may be done in an automated manner using the controU^ which operates 
the airway resistance mechanism to increase the airway resistance. After the resistance has 
been increased, the process proceeds to step 916 where sensors are employed to determine 
whether a breath is sensed. If not, the process reverts back to step 904 where the airway 
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resistance is moved back to its original position or to a fully open position and the process 
continues. 

If the negative inspiratory pressure is too high, the process may proceed to 
step 918. where airway resistance is reduced. A breath measurement is then taken in step 920 
S to determine whether a breath is sensed. If not, the process proceeds back to step 904 where 
the airway resistance mechanism may be opened. If a breath is sensed in either step 920 or 
step 916, the process goes back to step 912 where anoth^ check on the negative inspiratory 
pressure is made. Once the negative inspiratory pressure is acceptable, the process proceeds 
to step 922 where the respiratory rate is evaluated. If the respiratory rate is imacceptable, the 

10 process proceeds to step 924 where the airway resistance is reduced. An evaluation as to 
wheiii^i^ a breath is sensed is made in step 926. If no breath is sensed, the process reverts 
back to step 904 where the airway resistance mechanism may be open. If a breath is sensed, 
the process proceeds back to step 922 where another evaluation of the respiratory rate is 
made. If the respiratory rate is acceptable, the process proceeds to step 928 and an evaluation 

15 as to the end tidal CO2 is made. If too low, airway resistance is increased as shown in 

step 930 and another evaluation is made as to whether the patient is breathing in step 932. If 
not, the process proceeds back to step 904 where the airway resistance mechanism is opened, 
if the end tidal CO2 is too high, the process proceeds to step 934 where the airway resistance 
is reduced and the patient's breathing is again sensed at step 936. If no breath is sensed, the 

20 process proceeds back to step 904 where the airway resistance mechanism is opened. If a 
breath is smsed in either steps 932 or 936, the process proceeds back to step 928 where the 
end tidal CO2 is re-evaluated. Once acceptable, the process proceeds to step 938 where the 
oxygen saturation is evaluated. If too low, the airway resistance may be decreased as shown 
in step 940 and an evaluation is made as to whether the person is breathing as shown in 

25 step 942. If not, the process proceeds back to step 904 and the airway resistance mechanism 
is opened. If the oxygen saturation is acceptable, the process proceeds to step 912 so that the 
negative inspiratory pressure, respiratory rate, end tidal CO2, and oxygen saturation may be 
continuously monitored and the airway resistance may be modified based on the parameters. 
Hence, the method set forth in Figs. 54A through 54C permits various 

30 physiological parametera to be continuously monitored and to permit the resistance to 

inspiratory flow to be modified so that these parameters remain within an acceptable range 
when treating a patient suffering from shock. Further, as previously described, the 
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augmentation of negative inspiratory pressure permits increased blood flow back to the right 
heart to increase the patient's blood pressure. Although shown monitoring the various 
physiological parameters in a certain order, it will be appreciated that the parameters may be 
monitored in other orders as well. Further, other physiological parameters may be measured 
to ensure that the patient rraiains in a stable condition when treating the patient for shock. 
Optionally, the method of Figs. 54A through 54C may also be used to evaluate the patient's 
positive end expiratory pressure. Further, similar airway resistance mechanisms may be 
q>plied to the expimtoty port and the airway resistance of the expiratory port may be varied 
based on the sensed parameters. For example, the expiratory pressure may be varied to aid in 
the prevention of alveoli collapse (atelectasis) which may occur when the negative 
intrathoracic pressure is to^? Jow for a prolonged period of time. 

Although the foregoing invention has been described in some detail by way of 
illustration and example, for piuposes of clarity of understanding, it will be obvious that 
certain changes and modifications may be practiced within the scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1 1 . A device for facilitating an increase in blood pressure in a breathing 

2 patient, said device comprising: 

3 a housing having an opening that is adapted to be interfaced with a patient's 

4 airway; 

5 an inflow flow valve that is operable to increase or decrease respiratory gas 

6 flow through the housing due to patient inhalation, the inflow valve assisting in manipulating 

7 intrathoracic pressures to increase blood flow back to the patient's chest; 

8 a mechanism for operating the inflow valve to vary the lespiratoiy gas flow 

9 through the housing; and 

10 a sensor that is zdapied and configured to sense at least one physiological 

11 parameter of the patient. 

1 2. A device as in claim 1, wherein the inflow valve is operable to achieve 

2 a negative intrathoracic pressure within the range from about 0 cm H2O to about -50 cm H2O 

3 when the patient breathes at flow rates in the range from about zero flow to about 70 liters per 

4 minute. 

1 3. A device as in claim 1 , further comprising a controller that is coupled 

2 to the sensor and the mechanism, and wherein the controller is configured to send signals to 

3 the mechanism to operate the inflow valve based on the sensed physiological parameter horn 

4 the sensor. 

1 4. A device as in claim 1 , wherein the sensor is selected from a group 

2 consisting of pressure sensors, flow sensors, CO2 sensors, and oxygen sensors. 

1 S. A device as in claim 1, wherein the inflow valve comprises a slotted 

2 opening and a slotted plate that is movable across the slotted opening. 

1 6. A device as in claim 1 , wherein the inflow valve comprises an airway 

2 and an occlusion member that is movable across the airway. 

1 7. A device as in claim 1 , wherein the inflow valve comprises an airway 

2 and a compression occluding system to compress the airway. 
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1 8. A device as in claim 1 , wherein the inflow valve comprises an airway 

2 and an iris occluding system. 

1 9. A device as in claim 1 » wherein the mechanism comprises a stepper 

2 motor and a shaft extending firom the stepper motor. 

1 10. A device as in clainil, wherein the housing includes an inspiratory 

2 port and an expiratory port, and further comprising a face mask that is coupled to the housmg. 

1 1 1 . A device as in claim 1 , further comprising means to add supplemental 

2 oxygen or periodic assisted ventilation to the patient. 

1 12. A method for increasing the blood pressure in a spontaneously 

2 breathing person, the method comprising the steps of: 

3 sensing at least one physiological parameter of the person; 

4 intCTfacing an inflow valve to the person's airway that is operable to increase 

5 or decrease respiratory gas flow to the person's lungs; 

6 operating the inflow valve based on the sensed parameter to increase or 

7 decrease respiratory gas flow to the person's lungs while the person is inhaling to create a 

8 vacuum within the thorax and increase blood flow back to the right heart of the person, 

9 thereby enhancing the person's blood pressure. 

1 1 3. A method as in claim 12, wherein the person has low blood pressure 

2 due to conditions selected Gcom a group consisting of blood loss, the administration of a drug, 

3 a high gravitational state, vasovagal syncope, cardiac tamponade, drowning, heat stroke, heart 

4 attack, right heart failure, return to earth after space flight, and sepsis. 

1 1 4. A method as m claim 1 2, further comprising sending a signal to a 

2 controller that is rq>resentative of the sensed parameter, and sending a signal fiom the 

3 controller to a mechanism to operate the valve based on the sensed parameter. 

1 ,15. A method as in claim 12, wherein the parameter sensed is selected 

2 from a group consisting of negative intrathoracic pressure, blood pressure, respiratory rate, 

3 end tidal CO29 positive end expiratory pressure, and oxygen saturation. 
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1 16. A method as in claim 12, wherein the inflow valve is operated to 

2 achieve a negative intrathoracic pressure within the range from about 0 cm H2O to about -SO 

3 cm H2O when the person breathes at flow rates in the range from about zero flow to about 70 

4 liters per minute. 

1 17. A method as in claim 12, wherein the inflow valve comprises an 

2 airway and an occliision member, wherein the occlusion member is moved across the airway 

3 to vary the flow rate through the inflow valve. 

1 1 8. A method as in claim 12, wherein the physiological parameter is 

2 repeatedly sensed, and wherein the valve is repeatedly operated based the sensed parameters. 

1 1 9. A method as in claim 1 2, further comprising supplying supplemental 

2 ventilation or oxygen to the person. 

1 20. A method as in claim 12, fimher comprising supplying a drug or a 

2 medicament to the person upstream or downstream ofthe inflow valve. 

1 21. A method for increasing cardiopulmonary circulation induced by diest 

2 compression and decompression when performing cardiopuhnonary resuscitation, by 

3 augmenting negative intrathoracic pressures, said method comprising the steps of: 

4 interfacing a pressure re^nsive inflpw vaWe to a patient's airway; , 

5 performing chest compression and chest decompression, wherein during chest 



6 decompression the inflow valve prevents respiratory gases from entering the lungs until a 

7 negative intrathoracic pressure level in the range from about -3 cm H2O to -30 cm H2O is 

8 exceeded at which time the inflow valve opens, said inflow valve assisting in increasing the 

9 magnitude and duration of negative intrathoracic pressure during decompression and fliereby 

1 0 enhancing the amount of blood flow into the heart and lungs; and 

1 1 supplying the patient with a pressurized respiratory gas through the inflow 

1 2 valve when the inflow valve opens to ventilate the patient 
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1 22. The method of claim 2 1 , further comprising interfacing an exhalation 

2 valve to the patient* s airway, wherein the exhalation valve prevents air &om leaving the lungs 

3 until a positive intrathoracic pressure threshold is exceeded at which time said exhalation 

4 valve opens, said exhalation valve assisting in forcing more blood out of the thorax. 

1 23. The method ofclaim 22, wherein the positive intrathoracic pressure is 

2 in the range from about 2 cm H2O to 20 cm H2O. 

1 24. The method ofclaim 21/fiirther comprising providing a pressurized 

2 respiratory gas source that is operably coupled to die inflow valve, with the respiratory gas 

3 being at a pressure that is less than the open.{T!f pressure of the i^ 

4 respiratory gas is supplied from the respiratory gas source. ' 

1 25. The method ofclaim 21, wherein the decompressing step comprises 

2 allowing the paticait's chest to expand in response to the chest's resilience. 

3 26. The method of claim 2 1 , wherein the decompressing step comprises 

4 lifting or actively expanding the patient's chest to expand the thorax. 

5 27. The method of claim 2 1 , wherein the chest is compressed in the range 

6 from about 3.5 cm to 5 cm per compression, and wherein the chest is compressed in the rate 

7 from 60 to 100 per minute. 

1 28. A method for increasing cardiopulmonary circulation induced by chest 

2 compression and decompression when performing cardiopulmonary resuscitation, by 

3 augmenting negative intrathoracic pressures, said method conqnising the stq)s of: 

4 interfacing a valving system with a patient's airway, the vaiving system 

5 comprising a housuig having an upstream region and a downstream region, a pressure* 

6 responsive valve between the upstream region and the downstream region for preventing 

7 respiratory gases from flowing from the upstream region to the downstream region until the 

8 pressure in the downstream region falls below a threshold level; 

9 performing chest compression and decompression, wherein said pressure- 

10 responsive valve is closed to prevent respiratory gases from entering the lungs until a certain 

1 1 negative intrathoracic pressure is exceeded at which time the pressure^responsive valve 
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12 opens, said pressure-responsive valve assisting in increasing the magnitude and duration of 

1 3 negative intrathoracic pressure during decompression and thereby enhancing the amount of 

14 blood flow into the heait and lungs; and 

1 5 supplying the patirat with a pressurized respiratory gas through the pressure- 

1 6 responsive valve when the pressure-responsive valve opens to ventilate the patirat 

1 29. The method of claim 28, further comprising, during chest compression, 

2 preventing air fiom leaving the lungs until a positive intrathoracic pressure threshold is 

3 exceeded to assist in forcing more blood out of the thorax. 

1 30. The method of claim 29, wherein the positive intrathoracic pressure is 

2 in the range from about 2 cm rlad to 20 cm H2O. 

1 31. The method of claim 28, further comprising providing a pressurized 

2 respiratory gas source that is operably coupled to the pressure-re^nsive valve, with the 

3 respiratory gas being at a pressure that is less than the opening pressure of the pressure- 

4 responsive valve and wherein the respiratory gas is supplied fiom the respiratory gas source. 

1 32. The method of claim 28, wherein the decompressing step comprises 

2 allowing the patient's chest to expand in response to the chest's resilience. 

1 33. The method of claim 28, wherein the decompressing step comprises 

2 lifting or actively expanding the patient's chest to expand the thorax. 

1 34. The method of claim 28, wherein the chest is compressed in the range 

2 from about 3.5 cm to 5 cm per compression, and wherein the chest is compressed in the rate 

3 from 60 to 100 per minute. 

1 35 . A device for increasing cardiopuhnonaxy circulation induced by chest 

2 compression and decompression when performing cardiopulmonary resuscitation, said device 

3 comprising: 

4 a housing having an opening diat is adapted to be interfaced with a patient's 

5 airway; 

6 a pressure responsive inflow flow valve which prevents respiratory gases from 

7 entering the lungs through the housing until a threshold negative intradioracic pressure level 
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8 is exceeded during decoiqpression of the patient's chest at which time the inflow valve opens, 

9 the inflow valve assistmg in mcreasing the magnitude and duration of negative mtrathoracic 

10 pressure during decompression and thereby enhancing the amount of blood flow into the 

11 heart and lungs; and 

^2 a source of pressurized gas operably coiqiled to the inflow valve to supply a 

13 pressurized gas to the patient through the housing when the inflow valve is open. 

1 36. A device as in claim 35, further comprising a one way valve disposed 

2 in the housing to pmnit respiratory gases to exit the housing during compression of the 

3 patient's chest. 

1 37. A device as in claim 35, furtliei comprising a regulator disposed 

2 between the gas source and the inflow valve to regulate the pressure of the gas such that the 

3 gas pressure is less than the actuating pressure of the inflow valve. 

1 38. A device as in claim 35, wherein the inflow valve is configured to open 

2 when the negative intrathoracic pressure is in the range firom -3 cm H2O to -30 cm H2O. 

1 39. A method for increasing cardiopufanonaiy circulation induced by chest 

2 compression and decompression when performing cardiopuhnonary resuscitation, by 

3 augmenting negative intrathoracic pressures, said method con^rising the steps of: 

4 interfacing a housing having a pressure responsive mflow valve to a patienf s 

5 airway 

6 performing chest compression and chest decompression, wherein during chest 

7 decompression, the inflow valve prevents respiratory gases firom entering the lungs until a 

8 threshold negative intrathoracic pressure level is exceeded at which time the one inflow valve 

9 opens, the inflow valve assisting in increasing the magnitude and duration of negative 

10 intrathoracic pressure during decompression and thereby enhancing the amount of blood flow 

1 1 into the heart and lungs; and 

12 supplying a pressurized gas to the patient through the inflow valve when the 

1 3 inflow valve opens to ventilate the patient through the inflow valve. 
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1 40. A metbod as in claim 39, wherein the inflow valve opens when the 

2 negative intrathoracic pressure in the range from -3 cm H2O to -30 cm H2O, and wherein the 

3 pressurized gas is less than the opening pressure of the inflow valve. 

1 41 . A device for.increasmg cardiopuhnonary circulation induced by chest 

2 compression and decompression when performing cardiopulmonary resuscitation, said device 

3 comprising: 

4 a housing having an opening that is adapted to be interfaced with a patient* s 

5 airway; 

6 a pressure responsive inflow flow valve which prevents respiratory gases from 

7 entering the lungs through the housing uriBl a threshold negative intrathoracic pressure level 

8 is exceeded during decompression of the patient's chest at which time an actuating pressmre of 

9 the inflow valve is exceeded and the inflow valve opens, the inflow valve assisting in 

1 0 increasing the magnitude and duration of negative intrathoracic pressure during 

1 1 decompression and thereby enhancing the amount of blood flow into the heart and lungs; and 

12 a mechanism for varying the actuating pressure of the inflow valve. 

1 42. A device as in claim 41 , wherein the mechanism is configured to vary 

2 the actuating pressure to a pressure within the range fix>m about 0 cm H2O to about -30 cm 

3 H2O. 

1 43. A device as in claim 41 » wherein the inflow valve comprises a threaded 

2 shaft having a seal that is configured to block an opening in the housing, and a spring that 

3 biases the seal against die housing, and wherein the mechanism comprises a threaded knob 

4 that is rotatable to vary the biasing force of the spring by increasing or decreasing the 

5 longitudinal distance of the shaft. 

1 44. A device as in claim 43, fiirther comprising a pressure gauge in the 

2 housing to sense the amount of pressure within the chest. 

1 45. A device for increasing cardiopulmonary circulation induced by chest 

2 compression and decompression when p^orming cardiopulmonary resuscitation, said device 

3 comprising: 
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4 a housing having an exit opening that is adapted to be interfaced with a 

5 patient'sairway and a safety ventilation passageway; 

6 a pressure responsive inflow flow valve which prevents respiratory gases from 

7 entering the lungs througji the housing until a threshold negative intrathoracic pressure level 

8 is exceeded during decompression of the patient's chest at which time the inflow valve opens, 

9 the inflow valve assisting in increasing the magnitude and duration of negative intrathoracic 

10 pressure during decompression and thereby enhancing the amount of blood flow into the 

1 1 heart and lungs; and 

1 2 a safety mechanism to maintain the safety ventilation passageway open to 

1 3 permit respiratory gases to freely flow to the patient's lungs until actuated by a rescuer to 

14 close the safety ventilation passageway. v.j 

1 46. A device as in claim 45, wherein the safety ventilation passageway is 

2 provided through the inflow valve when the inflow valve is in an open position, and wherein 

3 the safety mechanism is configured to maintain the inflow valve in the open position until 

4 actuated by the rescuer to move the inflow valve to a closed position. 

1 47. A device as in claim 46, wherein the housing includes a ventilation 

2 port to permit respiratory gases to be injected into the housing, aiid wherein the safety 

3 mechanism comprises a sensor to SCTse when the rescuer injects respiratory gases into the 

4 housmg and a control system to move the inflow valve from the open position to the closed 

5 position. 

1 48, A device as in claim 47, wherein the sensor is movable upon injection 

2 of respiratory gases into the housing, and wherein control systrai comprises a set of gears that 

3 are coupled to the sensor and a cam that is movable by the gears to close the inflow valve. 

1 49. A device as in claim 47, wherein the sensor comprises a movable flap 

2 that moves upon injection of respiratory gases into the housing, and wherein control system 

3 comprises a set of mechanical components that move a wedge against the safety mechanism 

4 upon movement of the flap to close the inflow valve. 
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1 50. A device as in claim 47, wherein the sensor is selected from a group of 

2 sensors consisting of electronic switches, thermistors, mechanical flaps, and materials that 

3 experience of change of resistance when flexed. 

1 S 1 . A device as in claim 46, wherein the inflow valve comprises a shaft 

2 having a seal that is configured to block an opening in the housing, and a spring that biases 

3 the seal against the housing. 

1 S2. A device for increasing cardiopulmonary circulation induced by chest 

2 compression and decompression vfhen performing cardiopulmonary resuscitation, said device 

3 comprising: .;-9^ 

4 a housing having an opening that is adapted to be interfaced with a patient's 

5 airway; 

6 a pressure responsive inflow flow valve having a closed position and an open 

7 position, wherein the inflow valve prevents respiratory gases from entering the lungs througji 

8 the housing when in the closed position, and wherein the inflow valve moves to the open 

9 position when a threshold negative intrathoracic pressure level is exceeded during 

10 decompression of the patient's chest, the inflow valve assisting in increasing the magnitude 

1 1 and duration of negative intrathoracic pressure during decompression when in the closed 

12 position and thereby enhancing the amount of blood flow into the heart and lungs; and 

13 a safety mechanism to maintain the inflow valve in the open position to permit 

14 respiratory gases to freely flow to the limgs until actuated by a rescuer to place the inflow 

1 5 valve in the closed position. 

1 53. A device as in claim 52, wherein the housing includes a ventilation 

2 port to pranit respiratory gases to be injected into the housing, and wherein the safety 

3 mechanism comprises a sensor to sense when the rescuer injections respiratory gases into the 

4 housing and a control system to move the inflow valve from the open position to the closed 

5 position. 

1 54. A device as in claim 53, wherein the sensor is movable injection 

2 of respiratory gases into the housing, and wherdn control system conqprises a set of gears that 

3 are coiq>led to the sensor and a cam that is movable by the gears to close the inflow valve. 
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1 55 . A device as in claim 53, wherein the sensor comprises a movable flap 

2 that moves upon injection of respiratory gases into the housing, and wherein control system 

3 comprises a set of mechanical components that move a wedge against the safety mechanism 

4 upon movement of the Qzp to close the inflow valve. 

1 56. A device as in claim 53, wherein the sensor is selected from a group of 

2 sensors consisting of electronic switches, thermistors, mechanical flaps, and materials that 

3 experience of change of resistance when flexed. 

1 57. A device as in claim 52, wherein the inflow valve comprises a shaft 

2 having a seal that is configured to block an opening in the housing, and ^, spring that biases 

3 the seal against the housing. 

1 58. A method for increasing cardiopulmonary circulation induced by chest 

2 compression and decompression when performing cardiopulmonary resuscitation, by 

3 augmenting negative intrathoracic pressures, said me&od comprising the steps of: 

4 interfacing a valve system comprising a housing, a pressure responsive inflow 



5 valve, a safety gas flow passage and a safety mechanism to a patient's airway, wherein during 

6 chest decompression the inflow valve is configured to prevent respiratory gases from entering 

7 the lungs until a negative intrathoracic pressure level m the range fiom about 0 cm H2O to - 

8 30 cm H2O is exceeded at which time the inflow valve is configured to open, said inflow 

9 valve assisting in increasing the magnitude and duration of negative intrathoracic pressure 

10 during decompression and thereby enhancing the amount of blood flow into the heart and 

1 1 lungs, and wherein the safety mechanism is configured to permit respiratory gases to fireely 

12 flow to the patient's limgs until actuated; and 



13 actuating the safety mechanism to close the gas passage. 

1 59. A method asm claim 58, fiirther comprising p^orming chest 

2 compressions and decompressions after actuating the safety mechanism. 

1 60. A method as in claim 58, wherein the actuating step comprises 

2 injecting a respiratory gas into the housing, wherein the injection is sensed by a sensor to 

3 cause the safety mechanism to close the gas passage. 
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1 6 1 . A method as in claim 58, wherein the gas passage passes through the 

2 inflow valve, and wherein the actuating step comprises closing the inflow valve to close the 

3 gas passage. 

1 62. A method for increasing the blood pressure in a spontaneously 

2 breathing person, said method comprising the stq>s of: 

3 int^acing a pressure responsive inflow valve to the person's airway; 

4 inhaling and exhaling while the inflow valve is coupled to the person's airway, 



5 wherein during inhalation the inflow valve prevents respiratory gases from entering the lungs 

6 until a negative intrathoracic pressure level in the range from about 0 cm H2O to -30 cm H2O 

7 is exceeded at which time the inflow valve opens, said inflow valve assisting in increasing 

8 blood flow back to the right heart of the person and thereby enhancing the person's blood 

9 pressure. 



1 63. A method as in claim 62, wherein the person has low blood pressure 

2 due to blood loss. 

1 64. A method as in claun 62, wherein the person has low blood pressure 

2 due to ttie administration of a drug. 

1 65. A method as in claim 62, wherein the person has low blood pressure 

2 due to a high gravitational state. 

- I 66. A method as in claim 62, wherein the person has low blood pressure 

2 secondary to vasovagal syncope. 
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SHOCK TREATMEOT SYSTEMS AND MEra 

CROSS-REFERENCES TO RELATED APPLICATIONS 

This application is a continuation in part q)pIication of U.S. Patent 
Application Serial No. 09/854,238, filed May 11, 2001, which is a continuation in part 
application of U.S. Patent Application Serial No. 09/546;252, filed April 10, 2000, which is a 
continuation of U.S. Patent Application No. 08/950,702, filed October 15, 1997 (now U.S. 
Patent No. 6,062,219), which is a continuation-in-part plication of U.S. Patent Application 
Serial No. 08/403,009, filed March 10, 1995 (now U.S. Patent No. 5,692,498), which is a 
continuation-in-part ^plication of U.S. Patent Application Serial No. 08/149,204, filed 
November 9, 1993 (now U.S. Patent No. 5,551,420), the disclosures of which are h^ein 
incorporated by reference. 

BACKGROUND OF THE D^VENTION 
The present invention relates generally to devices and methods used in 
conjunction with cardiopulmonary resuscitation procedures. In particular, the present 
invention relates to devices and methods for increasing cardiopulmonary circulation in 
patients with severe low blood pressure or cardiac arrest. 

Worldwide, sudden cardiac arrest is a major cause of death and is the result of 
a variety of circumstances, including heart disease and significant traiuna. In the event of a 
cardiac arrest, several measures have been deemed to be essential in order to improve a 
patient's chance of survival. These measures must be taken as soon as possible to at least 
partially restore the patient's respiration and blood circulation. One common technique, 
developed approximately 40 years ago, is an external chest compression technique generally 
referred to as cardiopuhnonary resuscitation (CPR). CPR techniques have rraiained largely 
unchanged over the past three decades. 

With traditional CPR, pressure is ^plied to a patient's chest m order to 
increase intrathoracic pressure. An increase in intrathoracic pressure induces blood 
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movement from flie region of the heart and Imigs towards the peripheral arteries. Such 
pressure partially restores the patient's circulation. Traditional CPR is performed by actively 
compr^ing the chest by direct plication of an external pressure to the chest. After active 
compression, the chest is allowed to expand by its natural elasticity which causes expansion 
of the patient's chest waU. This expansion allows some blood to enter the cardiac chambers 
of Ihe heart The procedure as described, however, is msufScient to ventilate the patient 
Consequently, conventional CPR also requires periodic ventilation of flie patient This is 
commonly accomplished by mouth-to-mouth technique or by using positive-pressure devices, 
such as a self-inflating bag which relies on squeezing an elastic bag to deliver air via a mask, 
endotracheal tube or other artificial airway. 

In order to increasi^ o^diopulmonary circulation induced by chest 
compression, a technique referred to as active compression-decompression (ACD) has been 
developed. According to ACD techniques, the active compression phase of traditional CPR 
is enhanced by pressing an applicator body against the patient's chest to compress the chest 
Such an jq)plicator body is able to distribute and q>ply force substantially evenly over a 
portion of the patienfs chest. More importantly, however, the ^plicator body is sealed 
against the patient's chest so that it may be lifted to actively expand flie patient's chest during 
the decompression step. The resultant negative intrathoracic pressure induces venous blood 
to flow into the heart and lungs from the peripheral venous vasculature of the patient 

Also of iiiq>ortance to the invention are ventilation sources diat are used in 
connection with CPR techniques to properly ventilate the pationt One type of ventilation 
source is the AMBU bag avjdlable from AMBU International, Copenhagen, Denmark. The 
AMBU bag can also be used in connection with a positive end-expiratory pressure ^EEP) 
valve, available from AMBU Mtemational, to treat some patients with puhnonary and cardiac 
diseases. However, until flie present invention, a positive end-expiratory pressure valve in 
connection with a ventilation source has not been used with any CPR techniques. 

With both traditional CPR and ACD-CPR techniques, an mcrease in the 
anaount of venous blood flowmg into the heart and lungs from the peripheral vraous 
vasculature would be desurable to mcrease the volume of oxygenated blood leaving the thorax 
during the subsequent compression phase. It would therefore be desirable to provide 
unproved methods and apparatus for enhancing venous blood flow into the heart and lungs of 
a patient from the peripheral venous vasculature during both conventional CPR and ACD- 
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CPR techniques. It would be particularly desirable to provide techniques which would 
enhance oxygenation and increase the total blood return to the chest during the 
decompression step of CPR and ACD-CPR, more particularly of ACD-CPR. This can be 
accomplished according to the present invention by augmentation of both negative and 
5 positive intrathoracic pressure, thereby anq>lifying the total intrathoracic pressure swing. An 
invention for providing this crucial in^)rovement is described. 

Severe hypotension or very low blood pressure can lead to passing out and in 
some circumstances cardiac arrest Like cardiac arrest, patients with low blood pressure 
often suffer fiom insufficient blood returning to the heart after each beat This results in a 

1 0 decrease in forward blood flow out of the heart and eventually to low blood pressure. It 
would therefore be dcsiLdble to provide techniques or devices that would increase venous 
blood flow to the heart when a person suffers from low blood pressure. According to the 
invention, such an approach could help return blood flow to the heart and result in an increase 
in blood flow to the vital organs. 

1 5 ACD-CPR techniques are described in detail in Todd J. Cohoi et al.. Active 

Compression-Decompression Resuscitation: A Novel Method of Cardiopulmonary 
Resuscitation, American Heart Journal, Vol. 124, No. 5, pp. 1 145-1 1 50, November 1992; and 
- Todd J. Cohen et aL, Active Compression-Decompression: A New Method of 
Cardiopulmonary Resuscitation^ The Joumal of the American Medical Association, Vol. 267, 

20 No. 2 1 , June 3, 1 992. These references are hereby incorporated by reference. 

The use of a vacuum-type cup for actively compressing and deconqiressing a 
patienfschest during ACD-CPR is described in a brochure of AMBU International A/S, 
Copenhagen, Denmark, entifled Directions, for Use of AMBU® CardioPump™, published in 
September 1992. The AMBU® CardioPunq>™ is also disclosed in Eurqiean Patent 

25 ^yplication No, 0 509 773 Al . These references are hexehy incorporated by reference. 



BRIEF SUMMARY OF THE INVENTION 
According to the invention, meOiods and devices for increasing cardiopulmonary circulation 
30 are provided. The methods and devices may be used in connection with any generally 

accepted CPR methods or with active compression-decompression (ACD) CPR techniques. 
Preferably, the mefliods and devices will be used in connection with ACD-CPR In one 

3 
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aspect, they may be used in patieats with severe low blood pressure and who are not in 
cardiac arrest and breathe spontaneously. 

Cardiopuhnonary circulation is increased according to the invention by 
impeding airflow into a patient's lungs during flie CPR decompression phase or during a 
spontaneous inhalation. This increases the magnitude and prolongs the duration of negative 
intrathoracic pressure during m flie patient's chest, i.e., mcreases the duration and degree that 
the intrathoracic pressure is below or negative with respect to the pressure in the peripheral 
venous vasculature. By enhancing the amount of venous blood flow into the heart and lungs, 
since equilibration of intrathoracic pressure during deconopression occurs to a greater extent 
from enhanced venous return rather than rapid inflow of gases into the chest via the patient's 
airway, cardiopuhnonary circulation is ina c^iased 

In a specific embodiment, impedmg the airflow into the patient's lungs is 
accomplished by decreasing or preventing ventilation during the decompression phase of 
CPR. The method employs the use of a flow restrictive or limitmg member, such as a flow 
restrictive orifice disposed within or connected in series with a lumen of a ventilation tube, or 
a pressure-responsive valve within a lumen of the tube to unpede the mflow of air. The 
pressure-responsive valve is biased to open to permit the inflow of air when flie intraflioracic 
pressure falls below a threshold leveL In order to properiy ventilate the patient, flie method 
preferably provides for periodicaUy ventflatmg flie patient ttuough flie ventilation tube aft^ 
compression of flie patiat's chest. When periodic ventilation is pofonned, gases can be 
delivered either througji tiie mq)eding step or m another embodiment fliey can bypass flie 
impeding step, hi some cases, an oxygen enriched gas may be sillied to the patient throu^ 
the pressure-responsive valve once this valve opens. 

An exemplary embodiment provides for covering the patient's mouth and nose 
with a fecial mask. This mask contains means for unpeding airflow into the patient's airway 
during decompression of the patient's chest, e.g. either an orifice or valve as just discussed. 

A specific embodiment fiirfher provides means for impeding air fix>m leaving 
the lungs durmg compression of the patirat's chest to fiirther enhance cardiopuhnonary 
circulation by eriiancmg positive intraflioradc pressure during the compression phase. 

When performing cardiopuhnonary resuscitation to enhance circulation 
accordmg to flie mvention, an operator compresses a patient's chest to force blood out of flie 
patient's thorax. The patient's chest is flien decompressed to induce venous blood to flow into 
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the heart and lungs from the peripheral venous vasculature either by actively lifting the chest 
(via ACD-CPR) or by permitting the chest to expand due to its own elasticity (via 
conventional CPR). During the decompression step, airflow is impeded &om Altering into 
the patient's hmgs which enhances negative intrathoracic pressure and increases the time 
5 during wUch the thorax is at a lower pressure tfian the perq>h^ venous vascular Thus, 
venous blood flow into the heart and lungs &om the pedphea^ venous vasculature is 
enhanced. This is because the intrathoracic pressure equilibrium during decompression 
occurs as a result of enhanced venous return rathar than from inflow of air via the trachea hi 
a particular embodiment, compression and decompression of the patienfs chest may be 

1 0 accomplished by pressing an applicator body against the patient's chest to compress the chest, 
and lifting the applicator to acd vsly expand the patient's chest 

An apparatus for enhancing cardiopulmonary circulation according to the 
method comprises an improved endotracheal tube having a flow restrictive element for 
impeding airflow from the patient's lungs during chest decompression. A second apparatus 

15 according to the invention provides for an unproved air-delivery system comprising a 

compressible structure having a flow restrictive element included in or attached to an opening 
of the compressible structure to impede the flow of gases to the patient's lungs. Also, a 
connector is provided for interfacing the compressible structme to the patient, prefaably by 
attaching a facial mask or endotracheal tube to the structure. 

20 In another aspect of the invention, a valving system is provided for regulatmg 

airflow into a patient's lungs wbm pofonning caidiopuhnonary resuscitation. The system 
mcludes a housing having an iq>stream region and a downstream region. A means is 
provided between the upstream region and the downstream region for mhibiting ak fiom 
flowing from the iqistream region to the downstream region when the pressure in flie 

25 downstream region is less than the pressure m the upstream region. In this manner, air is 
inhibited Scorn flowing into the patienf s lungs during decompression of the patient's chest 
thereby forcmg more venous blood into the chest and enhancmg vital organ perfusion. A 
means is further provided for allowmg air to flow into the downstream region whm 
ventilating the patient. In fliis way, adequate ventilation can be provided to flie patient during 

30 the procedure. 

* In one particular aspect, the inhibiting means comprises a valve which inhibits 

airflow &om the iq)stream region to the downstream region when the pressure in the 
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downstream region is less than the pressure in tiie iq>stream rpgion. The valve preferabty 
inchides a di^hragm which is closed when tiie pressure in the downstream region is less Aan 
or equal to the pressure in the iq>stream region. Such a configuration prevents air fiom 
flowing into flie patient's hmgs during decompression of the patienf s chest while allowing air 
to be exhausted from the patient's hmgs during conqjression. Preferably, the diaphraffa is 
constructed of a flexible membrane. Alternatively, the di^hragm can be constructed using a 
ball. 

In another particular aspect, the diaphragm is biased to open when the pressure 
in the downstream region is about 2 cm H2O or greater, and more preferably at about 2 cm 
H2O to 10 cm H2O. Biasing of the diaphragm in tiiis manner increases intrathoracic pressure 
during compression of the patient's chest to furthei^aiiiance vital organ perfusion. 

In still a fttrtfaer aspect, the means for allowing air into the downstream region 
includes a means for opening the diqjhragm when air is injected mto the tq)stream region to 
ventilate the patient. The means for opening the diaphragm preferably includes an ambient 
pressure region that is adjacent the diaphragm. When air is injected into the iq)stream region, 
the pressure within the iq)stream region increases thereby drawing the di^hragm into the 
ambient pressure region and allowing the air to flow to flie patient's lungs. 

In yet another aiq>ect, the means for allowing air into the downstream region 
includes a manuaUy operable valve at the downstream region which is manually opened to 
allow air to flow mto flie downstream r^on upon return of spontaneous circulation. In tiiis 
mannCT, a rescuer can manuaUy open tte valve whaa flie patteot begms breafliing. 

In an alternative aspect, the means for allowing air into the downstream region 
conq)rises a pressure-responsive valve at the downstream re^on. The pressure-responsive 
valve sillows air into the downstream region y/h&i flie pressure in the downstream region fells 
below a threshold level, usually in the range fiom -3 cm H2O to -30 cm H2O. The pressure- 
responsive valve is advantageous m allowing ventilation to be provided to the patient while 
still en^loying the diq>hragm to enhance the extent and duration of negative intrattioracic 
iwessure. Exanq)les of pressure-responsive valves that may be used include, for example, a 
q»ring biased valve, an electtomagnetically drivrai valve, or a valve constructed of any 
deflectable material that will deflect whai the threshold pressure is exceeded. As one 
specific example, the valve may be constructed of a magnetically charged piece of material 
witii a natrow tolaance that is attracted to a gate. This valve will opai when the 
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magnetically charged gate pressure is exceeded. In this way, whra the negative intrathoracic 
pressure is exceeded, the valve will be pulled away ftom the gate to permit gases to flow to 
the lungs. Such a valve could also be used in place of the di^hragm valve discussed above, 
hi one option, a source of oxygen-ennched gas may be coiq)led to the 
5 pressure-responsive valve to siqiply an oxygen-enriched gas to the patient when the pressure- 
responsive valve is opened. A regulator may be employed to regulate the pressure and/or 
flow rate of the gas. For example, the pressure may be regulated to be less flian the actuating 
pressure of the valve so that the pr^surized gas will not flow to the patient's lungs until the 
valve is opened wh«i the negative mtra&oracic pressure is exceeded. 

10 The system of the invention in another aspect is provided with an air exhaust 

opening in the housing at the upstream^icgion for exhausting air from the housing. A valve is 
provided in the exhaust opening which inhibits air from flowing mto the housing through the 
exhaust opening. In this maimer, air exhausted from the patient is in turn exhausted from the 
housing through the exhaust opening. In a ftuther aspect, means are provided for preventing 

15 air from exiting the housing through the exhaust opening during injection of air into the 
housing when ventilating the patient. Preferably air is injected mto the housing from a 
respiratory device, such as a respiratory bag, a ventilator, or the like, or by mouth-to-mouth 
•breathing through a port or a mouthpiece. 

In still a finlher aspect of the invention, an endotracheal tube, a sealed facial 

20^ mask, a laryngeal mask, or other airway tube, or the like is provided and is connected to the 
housing at the downstream region for attachmmt to the patient. The endotracheal tube or Uke 
device is for insertion into the patient's airway and provides a convenient attachment for the. 
valving system to the patient. ... 

The invention further provides an exemplary device for increasmg 

25 cardiopulmonary circulation that is induced by chest conq)ression and decompression when 
perfoimmg cardiopuhnonary resuscitation. The device comprises a facial mask and a 
housing that is operably attached to the ma^ The housmg includes a mouth piece and at 
least one inflow valve which prevents respiratory gases from entering the lungs until a 
threshold negative intraflioracic pressure level is exceeded at which time the inflow valve 

30 op^. The housing fiirther includes an air diamber in communication with the mouth piece, 
and a valve member to force air from the air chamb^ and into the facial mask vi/bm air is 
supplied flirough the moufli piece. In this way, a rescuer may blow mto the mouth piece to 
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periodically ventilate the patient with air or oxygen-enriched gas stored in the chamber, rather 
than introdudng respiratory gases fiom the rescuer's lungs. 

In a similar vein, the invention provides an ^emplaiy method for increasing 
cardiopufanonaiy circulation that is induced by chest compression and decompression when 
performing cardiopuhnonary resuscitation. According to the method, at least one mflow 
valve and an air chamber are interfaced to apatienfs airway. Chest compression mid chest 
decompression is then performed, with the inflow valve preventing respiratory gases from 
entering the lungs during decompression until a threshold negative intrathoracic pressure is 
exceeded. Air is periodically transferred from the air chamber into the patient's lungs so as to 
properly ventilate the patient with air. In one exemplary aspect, the air is transferred from the 
air chamber to the patient's lungs by manually blowing into^thd chamber In this way, the 
rescuer may blow into the chamber to transfer air to the patient's Inngs without introducing 
respiratory gases from tiie rescuer's lungs. 

In one embodiment, the invention provides a mechanism to vary the actuating 
pressure of the inflow valve. In this way, the r^cuer is able to operate the mechanism to vary 
the impedance dq>ending upon tiie condition of the patient In some cases, the valve systems 
of the invention may include a pressure gauge to display the intratiioracic pressures. .By 
having this information readily available, tiie rescuer has more information to assist m setting 
tiie desired actuating pressure of the inflow valve. 

In one aspect, the varying mechanism is configured to vary tiie actuating 
pressure to a pressure within the range from about 0 cm H2O to about -30 cm H2O. Inanother 
aspect, the inflow valve conq)rises a shaft having a seal that is configured to block an opening 
in the housing, and a firing that biases tiie seal agaiiist the housing. Withsucha 
configuration, the mechanian may comprise a knob that is movable to vary the biasing force 
of the spring. For example, the knob may be rotatably coupled to the shaft so that the rescuer 
may simply tum the knob to vary the actuating pressure. 

hi another embodiment, the valve systmis of the invention may be provided 
with a safety ventilation passage. If the valve system is inappropriately applied to a patient 
who is spontaneously breaflung, the patient may breath through this passage while the valve 
system is coupled to flie patient's airway. A safety mechanism is used to maintain the safety 
ventilation passageway open to permit respiratory gases to freely flow to ttie patient*s lungs 
until actuated by a rescuer to close the safety ventilation passageway. With such an 
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arrangement, the patient is able to fieely breathe if tbey are enable of so doing. If the patient 
stops breathing on flieir own, the rescuer may set the valve system so that die ventilation 
passage is closed and the inflow valve provides die desired resistance during CPR. In this 
way, respiratory gases are pmnitted only once the cracking pressure of the threshold valve is 
5 exceeded, or when the patient is actively ventilated As with other embodiments, the 

cracking pressure may be exceeded by deconq)ressing the patient's chest during CPR, by the 
patirat's own inhalation, or the like. 

In one aspect, the safety ventilation passageway is provided through the inflow 
valve when ttie inflow valve is in an open position. With this configuration, the safety 

10 mechanism is configured to maintain the inflow valve in the open position until actuated by 
the rescuer to move the inflow valve to a clos^ position. A variety of ways may be used to 
actuate the safety mechanism. For example, the housing may include a ventilation port to 
permit respiratory gases to be injected into the housing, and the safety mechanism may 
comprise a sensor to sense whra the rescuer injects respiratory gases into the housing. In one 

1 5 embodiment, a signal &om the sensor is used by a control system to move the inflow valve 
fi-om the open position to the closed position. As an example, the sensor may be movable 
upon injection of respiratory gases into the housing, and the control system may comprise a 
set of gears that are coupled to the sensor and a cam that is movable by die gears to close the 
inflow valve. Alternatively, the control syst^ may comprise an electronic controller, a 

20 solenoid and a cam. This mechanism may be configured to take electrical signals fix>m the 
sensor and to operate the solenoid to move die cam and diereby close the inflow valve. As 
another example, a flap may be moved upon injection of die gases. The flap may cause die 
movement of a yariety of mechanical conqponents that physically reset the inflow valve to the 
closed positioxL 

25 A variety of sensors may be used to sense injection of the respiratory gases. 

For example, sensors that may be used include electronic switohes that move in a gas stream, 
diermistors to sense teniperature changes, CO2 detectors, materials that experience a change 
of resistance when flexed, mechanical flaps that move in a gas stream, and the like. 

The invention also provides methods for increasing the blood pressure in a 

30 spontaneously breathing person. According to the method, an inflow valve is coupled to the 
person's airway and the person inhales and exhales. During inhalation, the inflow valve 
inhibits or completely prevents respiratory gases &om entering the lungs for at least some 
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time to augment the person^s negative intrathoracic pressure and thereby assist in increasing 
blood flow back to flie right heart of the person. In so doing, the person's blood pressure is 
enhanced The resistance or actuating pressure pf flie inflow valve may be based on one or 
more sensed physiological parameters. For exanqile, one parameter may be the negative 
intrathoracic pressure. For instance, the inflow valve may be used to achieve a negative 
intrathoracic pressure m flie range from about 0 cm H2O to -50 cm H2O for flow rates in the 
range from about zero flow to about 70 liters per minute. Other parameters that may be 
sensed include respiratory rate, end tidal CO2, tissue CO2 content, positive end e^qpiratory 
pressure, blood pressure and oxygen saturation. These parameters may be used individually 
or in combination when adjusting the resistance of the inflow valve. For example, even if the 
sensed negative mtrathoracic pressure is within a desired range, the ^nd tidal CO2 may be 
outside of a desired range. As such, the resistance of the valve may be adjusted until the end 
tidal CO2 is acceptable. Conveniently, the inflow valve may be manually operated or 
operated m an automated fashion. For example, a controller may be used to receive flie 
sensed parameters and then to send signals to an adjustment mechanism that operates flie 
valve to vary Ae resistance or actuating pressure. 

Such a process may be used to treat a variety of conditions where flie person's blood 
pressure is low. For exanq>le, such a procedure may be used whore the person has low blood 
pressure due to blood loss, due to flie administration of a drag, due to a high gravitational 
state, dub to vasodepressor syncope^ due to drowning, due to heat stroke, due to heart attack, 
due to hypothermia, due to rigjit heart Mure, after a return to earth from space, due to sepsis, 
pericardial efiEiision, cardiac tamponade, or the like. 

A fiirther understanding of the nature and advantages of flie iiivention wiU 
become apparent by reference to flie remaining portions of flie specification and drawings. 

BRIEF DESCRIFnON OF THE DRAWINGS 
Fig. 1 is a gjcaph iUustrating thoracic pressure changes over time when compressing and 
deconqiressing a patient's chest according to the present invention. 

Fig. 2A is a schematic view illustrating airflow through a ventilation circmt 
when compressing a patient's chest according to the present invention. 

Fig. 2B is a schematic view illustrating airflow through a ventilation circuit 
when decompressing a patient's chest according to the present invention. 

10 
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Fig. 3 is a schematic illustration of a first alternative embodiment of a device 
for impeding airflow into a patient's lungs according to the present invention. 

Fig. 4A is a schematic illustration of a second altmiative embodiment of the 
device for impeding airflow into a patient's lungs according to die present invention. 

Fig. 4B is a schematic illustration of the device in Fig. 4A with a common 
inhalation/exhalation port 

Fig. 5 A is a schematic view of a one-way valve used in the device for 
impeding airflow accordmg to the present invention. 

Fig. 5B is a schematic view of the one-way valve in Fig. 5A that is held open 
after ACD-CPR has ceased. 

Fig. 5C is a schanatic view of a one-way Valve that is closed until a threshold 
pressure is present in the tube according to the present invaition. 

Fig. 6A is a schematic view of a spring biased inflow valve and a spring 
biased expiration valve to be used in accordance with the present invention. 

Fig. 6B is a schematic view of Fig. 6A showing the operation of the valves 
during outflow of air. 

Fig. 6C is a schematic view of Fig. 6A showing tiie operation of the valves 
during inflow of air. 

Fig. 7 is a schematic view of a single valve that is spring biased from both 
sides to be used as an inflow valve and an expiration valve according to the present invention. 

Fig. 8 is a schematic view of a flow restricting orifice to be used with a flow 
restrictive device according to the present invention. . 

Fig. 9 is a schematic view of an exemplary embodiment of the device for 
impeding airflow into a patient's lungs accoixfing to the present invention. 

Figs. lOA-lOC are schematic views illustrating another embodiment of the 
present invention allowing for periodic patient vmtilation through a bypassing valve. 

Fig. 1 1 is a schematic view of an exemplary valving system for regulating 
airflow into a patient's lungs according to the present invention. The valving system is shown 
with air being exhausted 6pm a patient's lungs during compression of the patient's chest 

Fig. 12 illustrates the valving system of Fig. 1 1 during decompression or 
resting of the patient's chest 

11 
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Fig. 13 illustrates the valving system of Fig. 1 1 with a pressure-responsive 
valve befaig opened when the negative intrathoracic pressure in the patient's chest exceeds a 
threshold amount during decompression of the patient's chesL 

Fig. 14 illustrates the valving system of Fig. 1 1 with a di^hragm being 
opened during injection of air into tihe housing when ventilating the patient. 

Fig. 15 illustrates the valving system of Fig. 1 1 with a manually operable 
valve being opened to allow air into the patient's lungs upon return of spontaneous 
circulatioiL 

Fig. 16A is a cutaway side view of exemplary valving system according to the 
present invention. 

Fig. 16B is a top view of a deflector and a fenestrated mount of che valving 
system of Fig. 16A. 

Fig. 16C is an alternative embodiment of the valving system of Fig. 16A. 

Fig. 16D illustrates the valving system of Fig. 16A with a source of 
pressurized gas coupled to a pressure-responsive valve according to the invention. 

Fig. 17 is a schematic view of an alternative ^bodiment of a valving ^stem 
having a ball as a diaphragm. 

Fig. 18 is a schematic view of a device for impeding air flow into the patient's 
lungs and for providing air to the patient's lungs wh« needed for ventilation. 

Fig. 19 is a side view of one embodimoit of a valving system having an 
adjustable pressure responsive valve acconUng to the invention. 

Fig. 20 is a cross sectional side view of the adjustable pressure responsive 
valve of Fig. 19. 

Fig. 21 is a top view of the valve of Fig. 20. 

Fig. 22 illustrates flie valve of Fig. 21 with a cap bring removed. 

Fig. 23 is a schematic side view of a safety mechanism for a valving system 
that permits respiratory gases to freely flow to the patient's lungs through a ventilation 
passage according to the inventioiL 

Fig. 24 illustrates the safety mechanism of Fig. 23 when actuated to prevent 
respiratory gases from flowing through the ventilation passage. 
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Fig. 25 is a schematic side view of a valving syst^ having an integrated 
safety mechanism that pmnits respiratory gases to freely flow to the patient's lungs through 
an inflow valve according to the invention. 

Fig. 26 illustrates a flow sensor and lever arm of flie safety mechanism of Fig. 
25 prior to actuation by the rescuer. 

Fig. 27 illustrates the valving systCTi of Fig. 25 when the safety mechanism is 
actuated by the rescuo: to closed the inflow valve. 

Fig. 28 illustrates the flow sensor and lever arm of Fig. 26 when actuated by 

the rescuer. 

Fig. 29 is an end view of the valving system of Fig. 25. 

Fig. 30 is a more detailed view of the inflow vaivt of Fig. 25 when in the open 

position. 

Fig. 31 illustrates the inflow valve of Fig. 30 when in the closed position. 

Fig. 32 is a side schematic view of one embodiment of a safety valve shown in 
a closed position according to the invention. 

Fig. 33 illustrates the safety valve of Fig. 32 in an open position. 

Fig. 34 is a side schematic view of another embodiment of a safety valve 
shown in a closed position according to the invention. 

Fig. 35 illustrates the safety valve of Fig. 34 in an open position. 

Fig. 36 is a side schematic view of yet anotfa^ embodiment of a safety valve 
shown in a closed position according, to the invention. 

Fig. 37 illustrates the safety valve of Fig. 36 in an open position. 

Fig. 38 is a schematic side view of an embodiment of a valving system having 
a safety valve that is in a closed position according to flie invention. 

Fig. 39 illustrates the valving system of Fig. 38 when the safety valve is 
moved to the open position during a gasp by a patient 

Fig. 40 iUustrates the valving system of Fig. 38 during ventilation which 
causes the safety valve to move back to the closed position. 

Fig, 41 is a schematic diagram of a valvmg system having a pressure gauge to 
measure pressures within the valving system according to the invration. 

Fig. 42 is a cross-sectional schematic view of one embodimrat of a system for 
treating a breathing person who is in shock according to the invention. 

13 
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Fig. 43 is top schematic view of the system of Fig. 42. 
Fig. 44 illustrates the system of Fig. 42 when the person is faispirmg. 
Fig. 45 illustrates the systrai of Fig. 42 when flie person is exhaling. 
Fig. 46A illustrates one embodnnent of an inflow valve according to the 

5 invention. 

Fig. 46B illustrates the inflow valve of Fig. 46A when the resistance to flow 
has been increased. 

Fig. 47A illustrates another embodiment of an inflow valve according to the 

mvention. 

1® Fig- 47B illustrates the inflow valve of Fig. 47A when a disk has been moved 

to increase flow resistance according to the invention. 

Fig. 48A illustrates yet another embodiment of an inflow valve according to 

the invention. 

Fig. 48B illustrates the inflow valve of Fig. 48A when a disk has been rotated 
15 to increase resistance according to the invention. 

Fig. 49 A illustrates a fiirther embodiment of an inflow valve according to the 

invention. 

Fig. 49B illustrates the inflow valve of Fig. 49A when compressed to increase 
flow resistance. 

2® Fig- 50A illustrates yet anofho: embodiment of an inflow valve according to 

the invention. 

Fig. 50B illustrates the inflow valve of Fig. 50A when compressed to mcrease 
flow resistance. 

Fig. 51A illustrates a further embodim^t of an inflow valve according to the 

25 invention. 

Fig. 5 IB illustrates the inflow value of Fig. 51 A when con5)ressed to mcrease 
flow resistance. 

Fig. 52A illustrates still a fiirflier embodiment of an inflow valve according to 

the inventiorL 

^® Fig. 52B illustrates iris mechanisms that have been operated to increase the 

resistance to flow of the inflow valve of Fig. 52A. 
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Fig. 53A illustrates still a iurtb^ embodimeat of an inflow valve according to 

the invention. 

Fig. 53B illustrates the inflow valve of Fig. 53A when a disk has been pivoted 
to increase flow resistance. 
5 Figs. 54A through S4C illustrate one embodiment of a method for treating 

shock according to the invention. 

DETAILED DESCRIPTION OF THE BSTVENTION 
According to the present invention, methods and devices for increasing cardiopuhnonary 

1 0 circulation induced by chest compression and decompression when performing 

cardiopulmonary resuscitation are provided. Such methods and devicesTuay be used in 
connection with any method of CPR in which intrathoracic pressures are intentionally 
manipulated to improve cardiopulmonary circulation. For instance, the present invention 
would improve standard manual CPR, "vest" CPR where a circumferential collar is 

1 5 compressed in a repetitive manner to promote blood flow from the heart, CPR with a newly 
described Hiack Oscillator ventilatory system which operates essentially like an iron-lung- 
like device, phrenic nerve stimulators, including those described in copending US. 
Application Nos. 09/095,916, filed 06/11/98; 09/197,286, filed 11/20/98; 09/315,396, filed 
05/20/99; and 09/533,880, filed 03/22/00, the complete disclosures of which are herem 

20 incoiporated by reference, interposed abdominal compression-decompression CPR, and 

active compression-decompression (ACD) CPR techniques. Alttiough the present invention 
may improve all such techniques, the following description will refer primarily to 
improvements of ACD-C7R techniques in order to sinq[)lify discussion. However, the 
claimed methods and devices are not exclusively limited to ACD-CPR techniques. 

25 The proper performance of ACD-CPR to increase cardiopuhnonary circulation 

is accomplished by actively compressing a patient's chest with an applicator body. 
Preferably, this applicator body will be a suction-type device that will adhere to the patient's 
chest, such as flie AMBU® CardioPump™, available fix)m AMBU Intemational, 
Copenhagen, Denmark. Afl^ the compression stqj, the adherence of the applicator body to 

30 the patient's chest allows the patient's chest to be lifted to actively decompress the patient* s 
chest. The result of such active compression-decompression is to increase intradioracic 
pressiure during the compression step, and to increase die negative intrathoracic pressure 

15 
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during the decompression step thus enhancing the blood-oxygenation process and enhancing 
cardiopuhnonaiy circulation. ACD^R techniques are described in detaU in Todd J. Cohen 
et al.. Active Compression-Decompression Resuscitation: A Novel Method of 
Cardiopulmonary Resuscitation, American Heart Journal, Vol. 124, No. 5, pp. 1 145-1 150, 
5 November 1992; Todd J. Cohen et al., Active Compression-Decompression: A New Method 
of Cardiopulmonary Resuscitation, The Journal of the American Medical Association, Vol. 
267, No. 21, June 3, 1992; and J. Schultz, P. Cofifeen, et al.. Circulation, 89:684^93, 1994. 
These references are hereby incorporated by reference. 

The present invention is especially useful in connection with standard and 

10 ACD-CPR techniques. In particular, the invention improves standard and ACD-CPR by 
providing methods and devices v/hich impede airflow into a patient's lungs to e^ 
negative intrathoracic pressure during the decompression of the patient's chest, thus 
increasing the degree and duration of a pressure differential between the thorax (mcluding the 
heart and lungs) and the peripheral venous vasculature. Enhancing negative intrathoracic 

15 pressure with simultaneous unpedance of movement of gases mto the airway flius enhances 
venous blood flow into the heart and lungs and mcreases cardiopuhnonary circulation. 

In a broad sense, flie present invention provides for occluding a patient's 
airway to prevent foreign (outside) air from flowing to a patients hmgs during the active 
decompression step of ACD-CPR to enhance aiid sustain the duration of negative 

20 mtrathoracic pressure and enhance blood oxygenation and cardiopulmonary circulation 
during both active decompression and the subsequent compression phase. The patient's 
airway may be occluded or mflow of gases impeded by any suitable device or mechanism 
such as by an endotracheal tube, a device attached to an endotracheal tube, a facial mask, a - 
mouth piece used m mouth-to-mouth resuscitation, oropharyngeal airway, laryngeal mask 

25 airway, and the like. 

A further aspect of die present mvration provides for aflowing im^ 
flow hito the patient's lungs during the active decompression stq> of ACD-CPR in order to 
provide some ventilation to the patient while still enhancing the extent and duration of 
negative intrattioracic pressure to enhance blood oxygenation. Impeding airflow to the 
30 patient's lungs may be accomplished by any flow restrictive element such as an orifice, a one- 
way valve, a spring biased or other valve which is set to open when the negative intrathoracic 
pressure is in the range from about 0 cm H2O to -100 cm H2O, and more preferably from 

16 
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about -3 cm H2O to about -30 cm H2O. A valve d^gned to open at a threshold pressure 
value may be either fixed or variable, i.e., the pressure at which flie valve opens may be 
adjusted or may be permanmtly fixed. Further, examples of pressure-responsive valves that 
may be used iiK:lude^ for exanq>le, an electromagnetically driven valve or a valve constructed 

5 of any deflectable material fliat will deflect when the threshold pressure is exceeded. As one 
specific example, the valve msy be constructed of a magnetically charged piece of material 
with a narrow tolerance ibat is attracted to a gate. This valve will open, i.e. separate 60m the 
gate, when the magnetically charged gate pressure is exceeded. In this way, when the 
negative intraflioracic pressure is exceeded, the valve will be pulled away fit>m the gate to 

10 permit gases to flow to flie lungs. 

In some cases, a safetymechanism may be provided to permit respiratory 
gases to freely flow to the patient's lungs until the safety mechanism is actuated by the 
rescuer. In this way, the valving system may be coupled to the patient but will only impede 
patient inspiration until actuated by the rescuer. 

1 5 Another aspect of the invention provides for air to be impeded from leaving 

the patient's lungs during compression of flie patient's chest to frirther enhance 
cardiopulmonary circulation by enhancing intrathoracic pressure during the compression 
phase. Typically, air is inq)eded from leaving the lungs during the compression phase when 
the positive intrathoracic pressure is in the range firom about 2 cm H2O to 50 cm H2O, and 

20 more preferably fix>m about 2 cm H2O to about 20 cm H2O. Valves that may be used to 
acconq^lish such a feature mclude, for example, a spring valve, a diaphragm valve, include 
diaphragms constructed of silicone, and a magnetically charged plate that is coupled to a gate, 
hi this manner, wh^ the positive pressure exceeds flie magnetic force, the plate is forced 
away from the gate to permit the gases to exit tho lungs. 

25 Another aspect of the present invention provides for ventilating the patient 

during CPR. Ventilatipn of the patient in one embodiment is performed at about every two to 
20 compressions, preferably twice every fifteen compressions, ttius providing sufScient fresh 
air for adequate gas exchange with the blood in the lungs to the patient Ventilating the 
patioit may be accomplished by any device or method suitable such as by mouth-to-mouth 

30 resuscitation, by a compressible or collapsible structure, by a ventilatory bag such as the 
AMBU bag available fipom AMBU, Copenhagen, Denmark, or the like. Ventilation could 
also be superimposed on the compression phase to further augment positive intratiioracic 
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pressure. Furthermore, periodic ventilation could be performed either Ihrou^ flie impeding 
step or by bypassing the impeding step altogeOier. 

In an alternative embodimoit, ventilation may be provided by introducing 
oxygen-enriched reqjiratory gases through the pressure-responsive valve that permits gases 
into the lungs during tiie decompression step once a catain threshold negative intrathoracic 
pressure is exceeded. This could be introduced undar pressure or at atmospheric pressure Jn 
this way, during each deconq>ression step, req)iratoiy gases may be supplied to the lungs to 
ventilate the patient Use of a pressurized gas is advantageous in that more re^iratory gases 
may be supplied to Ae lungs once the pressure responsive valve opens. The pressurized gas 
may be siq>pUed by connectmg a pressurized gas source, such as a pressurized tank or bag of 
O2, to die back side of the pressure-responsive valve using a length of tubing. Conveniently, 
a regulator may be positioned between the pressure source and die valve to regulate the 
pressure and/or flow rate of the gas supplied from the pressure source. The pressure may be 
regulated such that it is less than the actuating pressure of the valve, e.g. by about 1 to 3 cm 
H2O, so that the valve will not prematurely open. For example, if respiratory gases are to be 
supplied to the patient when the negative intrathoracic pressure exceeds -14 cm H2O, the 
pressure of the gas from the gas source must be set to less than 14 cm H2O. 

When ventilatmg a patient, the valves of the invoition may be modified to 
regulate the flow rate of air into flie lungs. This may be acconq)li8hed for example, by 
including a flow regulator, valve, restriction, reduced size orifice or the like within or 
associated with die valve so that as respiratory gases are injected into the vahre, their flow 
rate is lunited below a threshold amount as the gases entar the patient's airway. By 
regulating die flow rate of injected respiratory gases, die pressure on the esophagus maybe 
kept within certain limits to prev&at astronomic distention. For example, a reduced size 
orifice may be provided at or near the exit opening of die valve system housing to regulate 
die gas flow rate before die gases enter die patient's airway. In fliis way, a technique is 
provided to ensure fliat substantially aU of die iryected respiratory gases enter die patient's 
lungs. 

One significant advantage of die invention is the ability to increase a person's 
blood pressure. By intofiicing die valving systems of die mvention widi spontaneously 
breadung patients, die valving systems are able to increase die negative inlradioracic pressure 
when die pwson inhales. By so doing, more blood is returned to die right heart, diereby 
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increasing the pawn's blood pressure. TTie valving systems used to increase the person's 
blood pressure may initially conq)letely prevent gas flow to flie lungs during an inspiratory 
effort, or provide some measure of resistance. The conq)lete prevention or initial resistance 
may be adjusted sometime during die breathing maneuver so that gas flow may proceed to 
5 the person's lungs for at least a portion of the inspiratory cycle. For example, if using a 

pressure responsive valve, the valve may be set to open when reaching a pressure in the range 
fix)m about 0 cm H2O to about -50 cm H2O, more preferably fiom about 0 cm H2O to about - 
20 cm H2O, and most preferably fixMn about -5 cm H2O to about -15 cm H2O for flow rates of 
about zero flow to about 70 liters per minute. For valves that simply provide resistance, the 

10 valve may be configured to provide similar resistances during the inspiratory effort. Further, 
one or more sensors may be used to sense various physiological parameters and may be used 
to manually or automatically vary the cracking pressure of the valve or the amoimt of 
resistance produced by the valve. 

Examples of situations where the valving systems of the invention may be 

15 used to increase blood pressure include those where a spontaneously breathing patient has 
experienced blood loss, or after receiving a drug (including an anesthetic agent) that causes a 
decrease in blood pressure. Patients with low blood pressure oftai suffer firam insufiBcient 
blood returning to the heart after each beat. This results in a decrease in forward blood flow 
' out of the heart and eventually to low blood pressure. By interfacing the valving systems to 

20 the airway, the amount of venous retum to the right heart is increased to increase blood 

pressure. Anotiier example is where a spontaneously breathing patient is in shock secondary 
to profound blood loss and needs increased blood flow to the right heart As a further 
example, such techniques may be used with pilots or astronauts to increase blood flow back 
to the right heart in high gravitational states or when returning to earth after space flight, and 

25 in patirats who suffer fix>m a r^id decrease in blood pressure due to vasovagal or 

vasodepressor syncope. Further examples include low blood pressure due to heat stroke, 
drowning, heart attack, right heart failure, sepsis, pericardial efiiision, tamponade, or the hke. 

In one option, any of the valving systems may include an electronic device and 
an associated speaker to produce voice prompts on how to perform CPR using the valving 

3,0 systems. Such voice prompts may have instructions for interfticing the valving system, 
applying chest compressions, giving ventilations, and the like. Also, a metronome may be 
provided to assist the rescuer in providing ^ropriate chest compressions. Such techniques 
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are described in copending VS. AppUcation No. 09/854,404, ffled 5/1 1/01 (attorney docket 
no. 16354-004300), the complete disclosure of which is herein incoiporated by reference. 

The valving systems of the invention may also mcoiporate or be associated 
with sensors that are used to detect changes in intrathoracic pressures or other physiological 
parameters, hi this way, spontaneous patient breathmg may be detected. This m turn may be 
used to control the valving system so that the patient may breathe without any resistance once 
the sensor is activated by achieving a certain mtrathoracic pressure one or more times. 
Examples of such srasors are described in U.S. Patent No. 6.155,257, the complete disclosure 
of which is herein incorporated by reference. 

Any of the sensors described herein may be configured to wirelessly transmit 
their mea^uaced signals to a remote receiver that is in communication with a controller. In 
turn the controller may use the measured signals to vary operation of the valve systems 
described herein. For example, sensors may be used to sense blood pressure, pressures 
within the heart, or the like and to wirelessly transmit this information to a receiver. This 
information may then be used by a controller to control the actuating pressure or the 
resistance of an inflow valve, to control the actuating pressure or resistance of an expkatory 
valve, to control the injection of oxygen or other gases, to control the administration of drags 
or medications, or the like. 

The valve systems and/or facial masks of the invention may also include one 
or more ports for the administration of drags or other medicaments to the patient's re^iratory 
system. For exan^le, ports may be provided for mjecting medicaments by a qdnge or 
pressurized canister. As another example, a nebulized Bquid medicament may be siqyplied 
through such a port As a furflier example, a powdered medicament may be siqjpUedfl^ 
suchaport 

Another feature of ttie invention is that it may be used to decrease intracranial 
pressures that often result fiom trauma to the head. By decreasing intrathoracic pressures 
using the valve syst^s and techniques of the invration, the resistance of venous return fiom 
the brain to the heart is decreased. As such, more venous blood may be removed fi^om the 
brain, thereby decreasing intracraiual pressures. For example, any of the valve systems of the 
invmtion may be coupled to the patient's airway so that as the patient breathes, the negative 
intrathoracic pressures generated by the patient are augmented to draw venous blood out of 
thebraiiL 
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Referring now to Fig. 1, a gn^h illustrating thoracic pressure changes over 
tune when conipressmg and decoii^>ressmg the patient's chest is diown. Ai^a 10 represents 
the amount ofthoracic pressure during the conq)ression phase of ACD<IPIL Cross-hatched 
area 12 represents the negative ttioradc pressure during the deconq)ression step of ACD-CPR 
5 wifliout a flow restrictive means to restrict the flow of air into the patient's lungs. Double 
cross-hatched area 14 represents tfie increase in negative tiioracic pressure when the patient's 
airway is occluded according to the present invention during the decompression step of ACD- 
CPR. The significance ofthe increase in negative intrathoracic pressure during the 
decompression step is fliat more venous blood is forced into the chest j&om the peripheral 

10 venous vasculature. Consequently, more blood is aUowed to be oxygenated and more blood 
is forced out of the chest during the next compression. 

In an exemplary embodiment, airflow may be impeded to ttie patient's lungs 
during decompression ofthe patient's chest by placing a ventilatory mask over the patient's 
- mouth and nose. The ventilatory mask also has a pressure-responsive valve attached to 

1 5 prevent airflow to the patienfs Ixmgs until the negative intrathoracic pressure ofthe patient 
reaches a threshold amoimt Also attached to the mask and the pressure-responsive valve is a 
ventilatory source to provide ventilation to the patient The vratilatory source may be any 
device or apparatus suitable for properly ventilating the patient. Preferably, the ventilation 
^source will be an AMBU bag. When ventilation is needed,. the AMBUbag may be squeezed 

20 to force air into the patient's lungs. The AMBU bag is described m U.S. Patent No. 
5,163,424 which is incorporated herein by reference. 

In an alteniative embodiment, a vmtilation source, prefend)ly an AMBU b 
is used in comiection with an improved endotracheal tube. Apressure-reqx>nsive valve or 
other flow restrictive element is placed between the AMBU bag and the endotracheal tube. 

25 Preferably, the valve will be positioned wiflun a tube that connects the AMBU bag to flie 
endotracheal tube. The combination of flie endotracheal tube wifli the AMBU bag with 
ad^ter can be included in the definition of a "ventilation tube." Before ACD-CPR is 
performed on the patient, the endotracheal tube is placed in the patient's trachea. During 
decompression ofthe patient's chest, the valve prevents airflow to the patient's lungs until the 

30 intrathoracic pressure reaches a threshold amount. Additionally, the AMBU bag may be used 
to ventilate the patient at a desired time. Also included in this mibodiment is a one-way 
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expiration valve. This valve allows for e3q)iration of air fix)m flie patient during the 
compression step. 

In a modification of either of the first two embodiments, a pressure-responsive 
ejqpiration valve may also be inserted between the AMBU bag (or comparable ventilation 
5 source) and the mask or endotracheal tube. This valye works in a similar manner to the 
pressure-responsive valve which restricts airflow into the patient's lungs. However, the 
pressure-responsive expiration valve restricts airflow &om the patient's lungs during the 
compression step of ACD-CPR, An equivalent valve is a positive rad-expiratory pressure 
(PEEP) valve available from AMBU International, Copenhagen, Denmark. Use of such an 

10 pressure-responsive expiration valve during compression may further increase intrathoracic 
pressure and thereby force more blood out of the thorax. 

In another alternative embodiment, an improved endotracheal tube is used to 
restrict airflow into the patient's lungs during the active decompression step. Included m the 
endotracheal tube is a flow restrictive element which operates to impede air from flowing into 

15 the patient's lungs. When the endotracheal tube is inserted into the patient's trachea and the 
patient's chest is actively decompressed, the flow restrictive elmient impedes air fipm 
flowing to the patient's lungs slowing the rise in intraflioracic pressure and thus enhancing 
blood oxygenation. 

When using the inqxroved endotracheal tube during ACD-CPR, periodic 

20 ventilation of the patient will usually still be performed to enhance gas exchange to the 

patient With the improved mdotracheal tube, such manual ventilation may be accomplished 
by placmg a ventilation source at the opening of flie endotracheal tube to force oxygen 
through the endotracheal tube and into the patient's lungs. 

Referring now to Fig. 2A, a schematic view illustrating airflow through a 

25 ventilation circuit 20 when compressing a patient's chest according to the present invention is 
shown. During ACD-CPR, the chest is actively compressed forcing air out of the lungs. This 
an: is allowed to €xpk& through a one-way expiration valve 22 within a ventilation circuit 20. 

Ref<^ring now to Fig. 2B, tiie same schematic is shown illustrating airflow 
through the ventilation circuit 20 when decompressing the patient's chest. When the patients 

30 chest is actively decompressed, a negative intrathoracic pressure is created. When this 
pressure reaches a threshold amount, the inflow valve 24 will open causing air to flow 
through the ventilation circuit 20 into the patient's lungs. Air is allowed into the ventilation 
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circuit 20 tbrough a ventilation valve 26 and into a ventilation bag 28. From the ventilation 
bag 28, the air passes through the inflow valve 24 "wbea the negative intrathoracic pressure 
reaches the threshold amount The ventilation bag 28 is also used to manually ventilate the 
patient during ACD-CPR as required. 
S The mettiod as discussed in connection with Figs. 2A and 2B requires the 

chest to be conq>ressed in the range fiom about 3 . 5 cm to S cm per compression and at a rate 
fix>m about 60 to 100 compressions per minute for adults. 

Referring now to Fig. 3, a schematic illustration of a first alternative 
embodiment of a device 35 for impeding airflow into a patient's lungs according to the 

10 present invention is shown. The device 35 comprises an endotracheal tube 36 which is 
placed into the patient's trachea and provides a ventilation passageway. Connected to the 
endotracheal tube 36 is a transition tube 38 which connects the endotracheal tube 36 to the 
ventilation bag 28. Although the endotracheal tube 36 is shown connected to the ventilation 
bag 28, the endotracheal tube 36 can be used alone or in connection with the ventilation bag 

1 5 28. The ventilation bag 28 can comprise any type of ventilation source capable of ventilating 
the patient such as a compressible or collapsible structure. Preferably, the ventilation bag 28 
consists of an AMBU bag. Attached or connected to the end of the ventilation bag 28 is a 
one-way ventilation valve 26. The ventilation valve 26 serves to introduce air into the device 
35. Attached or connected to the transition tube 38 is an inflow pressure-responsive valve 24. 

20 The inflow valve 24 is biased so that it opens when the negative intrathoracic pressure m the 
patient's chest reaches a threshold amount As shown, only one inflow valve 24 is included in 
the device 35. However, the invention is not limited to only one inflow valve 24. 
Alternatively, a plurality of inflow valves 24 could be connected in series along die . . . . 
ventilation tube 38. The ioflow valve 24 is also not limited to being connected in the center 

25 of the transition tube 38, but may be positioned anywhere along the transition tube 38. The 
inflow valve 24 could be perman^fly attached to the ventilation bag 28 or transition tube 38 
or could be detachable. Alt^natively, the inflow valve 24 could be coimected to the 
ventilation bag 28 itself or to the endotracheal tube 36. 

The device 35 also contains a one-way expiration valve 22 which allows for 

30 air to be expired Scorn the patient's lungs. This generally occurs during the compression 

phase of ACD-CJPR. To insure that the air expired &om the patient's lungs will exit through 
the expiration valve 22, a one-way fish mouth valve 37 (the preferred valve) or any other type 
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of one-way valve can be placed between the inflow valve 24 and flie expiration valve 22. 
Alternatively, flie inflow valve 24 itself may be configured as a one-way valve. In eitiiCT 
case, air flowing 6om the endotracheal tube 36 toward the ventilation bag 28 will be forced 
to expire througih the e3q>iration valve 22. 
5 The device 35 may be further modified to mclude a pressure-responsive 

expiration valve 39 (not shown) located between the endotracheal tube 36 and the transition 
tube 38. The pressure-responsive expiration valve works in a reverse manner to that of the 
inflow valve 24. Specifically, the pressure-responsive expiration valve is biased so that 
during the compression step of ACD-C3>R, air will be allowed to expire from the patient's 
10 lungs only when the intraflioracic pressure reaches a threshold amount. The increase in 
intrathoracic pressure caufi;^% the pressure-responsive expiration valve 39 during 
compression may assist in forcing more blood out of the thorax and reduce atelectasis of the 
lungs. 

The purpose of the ventilation bag 28 is to provide ventilation to the patient 

15 during ACD-CPR. When flie ventilation bag 28 comprises an AMBU bag or similar bag used 
for ventilation, ventilation of the patient may be performed by merely squeezing the AMBU 
bag with a human hand. This forces air to the patient's lungs as desked. 

Referring to Fig. 4A, a second alternative embodiment of the device for 
impeding airflow into a patient's lungs according to flie present invention is shown. This 

20 particular embodiment is a modified and improved endotracheal tube. Hence, the second 
alternative embodunent comprises an endotracheal tube 36 havmg two lumens at its proximal 
end. The first lumen is an outflow lumen 40, and ttxe second lumen is an niflow lumen 42. 
Located within outflow lumen 40 is a one-way pressure-responsive expiration valve 44 which 
operates in a manner similar to that discussed in connection with Fig. 3, except that ttie 

25 expiration valve 44 is specifically designed as a one-way valve. Located within inflow hmen 
42 is a one-way pressure-responsive mflow valve 45 which operates to ixapedc airflow to the 
lungs as discussed in connection with Fig. 3, excq)t that the inflow valve 45 is also 
specifically designed as a one-way valve. Also shown in inflow lumen 42 and outflow lumen 
40 is an O-ring 46 which will be discussed subsequently. Inflow valve 45 and expiration 

30 valve 44 are designed as one-way valves so that during the compression phase, air can only 
be expired fiom the patient through the endotracheal tube 36 when the intrathoracic pressure 
reaches a threshold amount At that moment, expiration valve 44 opens and air expires from 
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the patient ttiough the outflow lumen 40. During decompression, air cannot flow through the 
endotracheal tube 36 to the patient's lungs until flie negative intrathoracic pressure reaches a 
tiireshold amount At that moment, inflow valve 45 opens allowing air to flow ttirough 
inflow lumen 42 to the pati^fs lungs. Air is prevented fiom entering through the outflow 

5 lumen 40 because of flie one-way miration valve 44. 

Ventilation is possible with Ifae embodiment disclosed in Figs. 4A and 4B if 
the mfiow lumen 42 is connected to a ventilation source such as a ventilation bag. Wh^ the 
ventilation bag is squeezed, air is allowed to flow flirough the inflow lumen 42, through the 
endotracheal tube 36, and to the patient's lungs. In this embodiment, expiration valve 44 is 

1 0 designed so that during ventilation, expiration valve 44 will remain temporarily closed 
preventing aii iiowing through inflow lumen 42 escape through outflow lumen 40. 

Fig. 5 A is a schematic view of a one-way inflow valve 45 used in a device for 
impeding airflow according to the present invention. The inflow valve 45 operates so as to 
allow air only to flow in one directioiL As shown, the spring biased inflow valve 45 is 

15 - completely open. However, the invention also functions properly if the spring biased inflow 
valve 45 or the spring biased expiration valve 44 are not fully op&u Upon successful 
completion of ACD-CPR, the 0-ring 46 that is positioned above the inflow valve 45 is 
^ rq>ositioned so that inflow valve 45 is held open as shown in Fig. 5B. Such a positioning of 
O-ring 46 allows for unimpeded airflow to the patient once there is a retum of spontaneous 

20 circulationandtheinflow valve 45 is no longer needed. An O-ring 46 is also used in a 
similar manner to lock the one-way expiration valve 44 in an open position \xpon retum of 
spontaneous cumulation. Fig. 5C illustrates the on&-way inflow valve 45 in a closed position. 
When closed, the inflow of air through the inflow valve 45 is occluded. . . 

Fig. 6A illustrates an inflow valve 47 that is spring biased and an expiration 

25 valve 48 diat is also spring biased. The mflow valve 47 and the expiration valve 48 are 
connected in series and may be used in the first alternative embodhnent as discussed in 
connection with Fig. 3, or with the preferred embodiment discussed following m connection 
with Fig. 9. As shown in Fig. 6C, during the active decompression stq), the inflow valve 47 
is biased such that it will open when the negative intrathoracic pressing reaches a threshold 

30 amount During the compression phase of ACD-CPR the e3q)iration valve 48 will open to 
allow air to expire fix)m the pati^t's lungs when the intrathoracic pressure within the patient's 
chest reaches a threshold amoimt as shown in Fig. 6B. Since neither inflow valve 47 nor 
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e)q)iiation valve 48 are one-way valves, a fish mouth valve 37 used in connection with a one- 
way expiration valve 22 as discussed in connection with Fig. 3 must be used. Other valves 
designed upon a similar princq)le as the fish mouth valve combination with a one-way 
expiration valve could also be used Only one inflow valve 24 and one positive end pressure 
5 valve 44 are shown in Figs. 6A-6C. However, a plurality of inflow valves 47 and/or 
expiration valves 48 may be connected in a permanent or detachable mann^ in series to 
impede the inflow and outflow of air. 

Although the valves in Figs. 6A-6C are shown as being spring-biased, any 
other valves designed upon a similar principle would woric equally as well. The use of such 

1 0 valves as disclosed in Figs. 6A-6C is only one embodiment and valves constructed according 
to various other methods and matei iais is also within the scope of the invention. 

As shown in Fig. 7, the inflow valve 47 and the e?q)iration valve 48 may be 
combined into one joint valve 49 as shown. The joint valve 49 will operate m a manner 
similar to the two valves 47 and 48 as described in connection with Fig. 6. 

1 5 Fig. 8 illustrates a flow restricting orifice 50 to be used to either impede the 

airflow into or out of a patient's lungs. The flow restricting orifice 50 operates so that during 
the decompression step of ACD-CPR airflow is impeded fix)m entering into the patient's 
lungs, thus increasing the negative intrathoracic pressure. During the compression stq>, the 
flow restricting orifice 50 operates to increase the thoracic pressure in the patimf s chest by 

20 restricting air fipom existing fipom die patiwfs lungs. 

Fig. 9 illustrates an exemplary ^bodiment for inq>ed]ng airflow into a 
patienfis lungs accordmg to die present invention. As shown, the device 51 comprises a 
ventilation bag 28 that is connected to a fecial mask 52 by an inflow valve 24 and an 
eTqpiration valve 22. Although the fecial mask 52 is shown connected to the vmtilation bag 

25 28, the facial mask 52 can be used alone or in connection with the ventilation bag. Between 
the inflow valve 24 and the e3q)kation valve 22 is a one-way fish mouth valve 37 or any othor 
type of one-way valve to prevent air &om exiting the patient's lungs and flowing to the 
ventilation bag 28. Tlie ventilation bag 28 also contains a one-way ventilation valve 26 for 
allowing air to inflow mto the device 51. The exemplary embodiment operates m a manner 

30 similar to that of the first alternative embodiment as discussed in connection with Fig. 3. 
However, instead of inserting an endotracheal tube 36 into the patient's airway, the facial 
mask 52 is placed over the patient's mouth and nose, A facial strap 54 (not shown) may also 
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be wrapped around the head of fhe patient to secure the ventilation Mask 52 to die patient's 
fiice. 

Device 51 is preferably used in connection with an oral airway device (not 
shown) to prevent the patienf s airway firom becoming occluded, e.g. by the patient's tongue. 

5 The oral airway device can be any device fliat is used to keep the patient's tongue &om 
slipping backward and occluding the airway. Preferably, the oral airway device will be 
curved and constructed of a plastic material and may or may not be attached to the device 51 . 

During the deconq[)ression phase of ACD-CPR, air is prevented from entering 
into the patient's lungs tiirough the threshold inflow valve 24 thus increasing the negative 

10 intrathoracic pressure. During the compression phase, air is allowed to expire &om the 
patient's limgs througSrthe expiration valve 22. Also, the patient can be ventilated during 
ACD-CPR by manually squeezing the ventilation bag 28. Consequently, the preferred 
embodiment serves to enhance cardiopulmonary circulation by increasing the negative 
intrathoracic pressure to force more blood into the chest from the peripheral venous 

15 vasculature. » 

Figs. 1 0 A - 1 OC show another embodiment of the present invention which 
allows the patient to be ventilated by bypassing the impeding step. The embodiment 
comprises a ventilation tube 60 with aproximal end 62 and a distal end 64 that is connected 
to the patient. The ventilation tube 60 has a one-way bypass valve 66 and a one-way pressure 

20 responsive valve 68. The ventilation tube 60 may also have a manual switch 70 attached to 
the bypass valve 66 and extending through a side of the ventilation tube 60. As ^own in Fig. 
lOA, the switch 70 may be set in a closed position so that the one-way pressure responsive 
^valve 68 opens when the threshold pressure of the valve 68 has been exceeded At this point, 
the valve 68 op^ allowing for vwtilation of the patient. As shown in Fig. lOB, the one-way 

25 pressure responsive valve 68 may be bypassed altogether by manually placing the switch 70 
in fhe open position so that the bypass valve 66 is opened allowing air to flow to the patient. 
Fig. IOC illustrates the operation of the bypass valve 66 witii the switch 70 in an inactive 
mode. Here, the rescuer performing ventilation may do so without added resistance from the 
impedance step as in Fig. lOA. Instead, bypass valve 66 opens only when the pressure at the 

30 proximal end of the tube 62 is greater than atmospheric pressure (0 mmHg), preferably in a 
range fix)m about 0 mmHg to 5 mmHg. During decompression of the patienfs chest, the one- 
way bypass valve 66 remains closed unless atmospheric pressure is exceeded. Thus, the 
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patient is ventilated only when the rescuer performing ventilation causes the pressure at the 
proximal end of tiie tube 62 to exceed atmospheric pressure. The function of the one-way 
bypass valve 66 may be porformed by many different threshold valve designs which are 
known in the art. 

In another aspect of the invention, an exenq>lary vatving system is provided 
for enhancing the duration and extent of negative intrathoracic pressure during the 
deconqjression phase of CPR while still providing adequate ventilation to the patient. The 
valving system is employed to slow the rapid equilibrium of mtrathoracic pressure in tiie 
chest during decompression by impeding or inhibiting the flow of air into the patient's chest. 
Lowering of the intrathoracic pressure in this maimer provides a greater coronary perfusion 
pressure and heaco forces more venous blooii iito the thorax. The valving system can be 
employed in a variety of CPR methods where intrathoracic pressures are mtentionally 
manipulated to improve cardiopulmonary circulation, including "vest" CPR, CPR 
incorporating a Heimlich ventilatory system, intraposed abdominal compression- 
decompression CPR, standard manual CPR, and the like, and will find its greatest use wifli 
ACD-CPR. 

Referring to Figs. 1 1-15, an exen^lary embodiment of a valving system 100 is 
shown schematically. The valving system 100 includes a housmg 101 having an ipstream 
region 102 and a downstream region 104. Held between the upstream region 102 and 
downstream region 104 is a diaphragm 106. The diaphragm 106 is preferably a flexible or 
elastomeric membrane that is held over the downstream region 104 to inhibit air &om 
flowing ftom the iq)stream region 102 to the downstream region 104 when the pressure in the 
downstream region 104 is less than the pressure hi the upstream region 102, except when 
positive pressure, i.e. greater flian atmosphmc, is developed in the iq)stream region 102 when 
ventilating the patient The valving system 100 fiirfher includes a valve 108 having a plug 
110. As described in greater detail hereinafter, the valve 108 is included to provide 
vratilation to the patient when opened. The valve 108 can be manually opened by axial 
translation or it can be automatically opened when the pressure in the downstream region 104 
reaches or exceeds a threshold amount, or both. Included at the upstream region 102 is an air 
intake opening 1 12 and an air exhaust opening 1 14. Air is delivered into the housing 101 
through the an: intake opening 1 12, while air is exhausted from the housing 101 through the 
an: exhaust opemng 1 14. An accordion valve 1 16, fish mouth valve, or the like is provided 
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betvsrera the air intake Opening 112 and air exhaust opening 114. As described in greats 
detail hereinafter, the accordion valve 1 16 is used to prevent air that is injected mto the air 
intake opening 112 firom exiting the air exhaust opening 114 when venti^^ A 
filter 1 17 is provided for filtering air injected into the housing 101 . Optionally, a filter 119 

5 can be provided in the downstream region 1 04 for preventing excess body fluids and air- 
borne pathogens fit>m ^tering into the system 100. 

Operation of the valvmg system 100 during conqnression of a patient's chest is 
illustrated in Fig. 11. As Ae patimf s chest is conq)ressed, air is forced fix>m the patioit's 
lungs and into the downstream region 104. The air forced into the downstream region 104 is 

10 directed against the diaphragm 106 forcing the diaphragm into an ambient pressure region 
118. Air in the downstream re^o^ 104 is then allowed to escape into the upstream region 
102 where it is exhausted through the air exhaust openmg 1 14. Optionally, the diaphragm 
106 can be biased so that it will not be forced into the ambient pressure region 118 until the 
pressure within the downstream region 104 is about 2 cm H2O or greater, and more 

1 5 preferably at about 2 cm H2O to 4 cm H2O. 

OpCTation of the valving system 100 during decompression (or resting) of the 
patient's chest is illustrated in Fig. 12. As the patient's chest is actively lifted (or allowed to 
expand on its own), air is drawn fiom the downstream region 104 and into the patients lungs, 
thereby reducing the pressure in the downstream region 104. The resulting pressure 

20 differential between the regions 102, 104 holds the diaphragm 106 over the downstream 
region 1 04 to prevent air fix>m the upstream region 1 02 torn flowing to the downstream 
region 104. In this way, air is inhibited 60m flowing into flie patient's lungs during 
deconqiression of the patient's chest, fliereby lowoing the intrathoracic pressure to increase 
the coronary perfiision pressure and to force more venous blood into the thorax. 

25 Various ways of providing ventilation to the patient using the valving syst^ 

100 are described in Figs. 13-15. Fig. 13 illustrates airflow into the downstream region 104 
and to the patient's lungs during decompression of the patient's chest after a threshold amount 
of negative intrathoracic pressure has been reached. Voitilation in this manner is 
advantageous in that the valving system 100 can be employed to produce at least a threshold 

30 amount of intrathoracic pressure to enhance blood flow into tiie heart and lungs. Once such 
as pressure is reached, some air is allowed to flow to the patient's lungs to ventilate flie 
patient. 
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Air is allowed to enter flie downstream region 104 when the flireshold amount 
of intrathoracic pressure is reached by configuring the valve 108 to be a threshold valve. The 
valve 108 can be configured in a variety of ways, with a primary function being that the valve 
108 allows air to flow into flie downstream region 104 when a threshold amount of 
5 intrathoracic pressure is reached. This is preferably accompUshed by coiifiguring the plug 
110 to be flexible m one direction so that when the pressure m the downstream region 104 
reaches or exceeds the threshold amount, the plug 1 10 is flexed to provide an opening 126 
between the upstream region 102 and downstream region 104. When the plug 1 10 is flexed, 
air flows fix>m the lower pressure upstream region 102 into the downstream region 104 and to 

10 the patient's lungs. The plug 110 therefore acts as a one-way valve allowing air to flow fix)m 
the upstream region 102 into the downstream region 1 64 when the threshold amount is 
reached, but does not allow airflow &om the downstream region 104 to the upstream region 
102. Preferably, tiie plug 110 will flex to open when the pressure within the downstream 
region 1 04 is in the range &om about 0 mm H2O to 50 cm H2O, more preferably at about 

15 1 0 cm H2O to 40 cm H2O, and more preferably at 1 5 cm H2O to about 20 cm H2O. 

Alternatively, the valve 108 can be placed in the downstream region 104 so that air flows into 
the downstream region 104 directly jfrom the atmosphere when the valve 108 is open. 
Although shown as a flexible plug, it will be ^predated that other types of valve 
arrangements may be used. For example, plug 1 10 could be replaced with a spring biased 

20 valve ttiat closes opening 126 until the negative intraflioracic pressure overcomes flie force of 
tiie spring to opm the valve in a manner similar to that described in connection with Fig. 
16A. 

Ventilating the patient by injecting air into the upstream region 102 is 
illustrated in Fig. 14. As air is injected throng the intake opening 1 12, it passes into the 

25 accordion valve 1 16 and forces the valve 116 agamst a wall 120 and covers a hole 122 in the 
wall 120 to prev«it airflow through the exhaust openmg 1 14. When the accordion valye 1 16 
is closed, air flows througih a wall 124 of ttie valve 1 16 and into the upstream region 102. 
Alternatively, a fish mouth valve can be used in place of the accordion valve 116. Ujpon 
injection of flie air into the upstream region 102, the pressure within flie upstream region 102 

30 becomes greater than the pressure in the ambient pressure region 118 and causes the 

diaphragm 106 to be drawn into flie ambimt pressure region 1 1 8. An opening between the 
upstream region 102 and the downstream region 104 is created allowing air to flow into the 
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downstream region 104 and into the patient's lungs. Preferably, the patient will be manually 
ventilated by injecting air into the intake opening 1 12 one time every five compressions of 
the chest, and more preferably about two tinies every IS compressions of the chest using two 
* rescuers. Similarly/ventilating the patieiit can occur through the same port where the sp^ 

S biased valve is located, such as tiirough valve 160 of Fig. 16A. 

Configuration of the valving system 100 iq>on return of spontaneous 
circulation is illustrated in Fig. IS. When the patient's circulation is restored, the valve 108 is 
manually opened by translating the valve 108 to remove the plug 110 &om aperture 126. TTie 
upstream region 102 and downstream region 104 are then placed in communication to allow 

10 air to be fireely exchanged between each of the regions 102, 104. Although shown extending 
through the upstream region 102, the vaiVe 108 can alternatively be placed anywhere along 
the downstream region 1 04. 

The valve 108 can be configured as a pressure-responsive valve (see Fig. 13), 
as a manually operable valve (see Fig. IS), or both. Further, the valving system 100 can 

15 alternatively be provided with two or more valves that are similar to the valve 108. For 
example, one valve could be non-translatably held in the housing 101 and provided with a 
pressure-responsive plug 1 10, with the other valve being translatably mounted. In this 
manner, the valve with the flexible plug fimctions as a pressure-responsive valve and opens 
when the tiireshold pressure is reached, while the translatable valve fimctions to place the 

20 regions 102, 104 in communication upon manual operation after ^ntaneous circulation is 
achieved. 

RefCTing to Figs. 16A and 16B, an exemplary:embodiment of a valving 
system 130 will be described. The valving system 130 is constructed of a housing 132 
having an intake opening 134, an exhaust opening 136, and a delivery opening 138. Included 

25 in the exhaust opening 136 is a one-way valve 140 which allows air to flow firom the housing 
132 and out the exhaust opening 136. An accordion valve 140 is provided between the intake 
opening 134 and an exhaust opening 136 to prevent air mjected mto the intake opening 134 
fiom exiting tiirough the exhaust openmg 136. Preferably, the intake opening 134 is 
configured to be attachable to a respiratory device, such as a respiratory bag (including an 

30 AMBU bag), a ventilator, a moutiipiece or port for mouth-to-mouth breathing through the 
system 130, or the like. The deUvery opening 138 is preferably configured for connection to 
an endotracheal tube or other airway tube, a sealed facial mask, a laryngeal mask, or the like. 
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Within flie housing 132 is an iq)stream region 142, a downstream region 144, 
and an ambient pressure region 146. Separating the upstream region 142 fix)m the 
downstream region 144 is a diaphragm 148. The diaphragm 148 is preferably constructed of 
an elastomeric material. The housing 132 is preferably cylindrical in geometry at the 
5 downstream region 144, with flie diaphragm 148 restmg on the cylinder during ambient 
conditions. During deconq)ression of the patient's chest, the reduction in pressure in the 
downstream region 144 draws the diaphragm 148 against the end of the cylinder to prevent 
exchange of air between the upstream region 142 and downstream region 144. During 
compression of flie patient's chest, air is forced into the downstream region 144 to force the 

10 diaphragm 148 into the ambient pressure region 146 so that the air exhausted from the 
patient's chest can be exhausted through the exhaust opening- ;S6. 

As shown best in Fig. 16B, the valving system 130 is furflier provided with a 
fenestrated mount 1 50. In one aspect, tfie fenestrated mount 1 50 serves as a mount for 
holding the diaphragm 148 over the downstream region 144. The fenestrated mount 150 

1 5 further provides the ambient pressure region 146. Fenestrations 1 52 are provided in the 
mount 150 to allow air to be exchanged through the mount 150. Included on ttie mount 150 
is a deflector 154 for deflecting air around flie fenestrated mount 150. Various oflier 
deflectors 1 56 are provided in flie housing 132 for directing airflows between flie regions 142 
and 144. A filter 158 is provided in the housmg 132 to filto: air injected into ttie housing 

20 132. Optionally, a filter 159 can be provided to prevent excess body fluids from entering into 
the iqrst^ 130. 

The valving system 130 fiirttier includes a ttireshold valve 160 at ttie 
downstream region 144. When the pressure wittiin the downstream region 144 is less than 
flie flirediold amount, the flireshold valve 160 is opened to allow air to flow mto the 

25 downstream region 144. The flireshold valve 160 includes a spring 162 which is configured 
to extend when flie flireshold amount is reached. Alternatively, flie flireshold valve 160 can 
be configured similar to the valve 1 10. Other configurations which allow the fi)r air to enter 
the downstream region 144 when the desired intrathoracic pressure is reached or exceeded 
can also be provided. For example, in a fiurflier alternative, flie diaphragm 148 can be 

30 constructed to fimction as a threshold valve to allow air to flow into the patient's lungs when 
a flireshold amount of mtraflioracic pressure is reached. The di^hragm 148 can be fashioned 
as a flireshold valve by constructing flie diaphragm 148 of an elastomeric material and by 
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providing at least one hole near the periphery. When the di^hragm rests on the cylinder 
forming the downstream region 144, tiie hole is positioned beyond the periphery of the 
cylinder and in die upstream region 142. As a vacuum is created m the downstream region 
144, the diaphragm is drawn into tibe downstream region 144 until the hole is stretched over 

5 the cylinder and overlsqss witii both the iq>stream region 142 and the downstream region 144. 
In this way, a fluid path is provided between the regions 142 and 144 when the threshold 
pressure is readied in flie downstream region 144. Another alternative of a threshold valve 
1 1 1 is illustrated in Fig: 16C. The valve 1 1 1 is pivot mounted within the downstream region 
144 and is biased closed by a spring 113. When the flireshold pressure within the 

10 downstream region 144 is reached, the spring 1 13 is compressed and air is drawn into the 
downstream region 144. - - > 

Referring back to Fig. 1 6 A, tiie threshold valve 1 60 can optionally be provided 
within the housing 132 at the upstream region 142. The threshold valve 160 can further 
optionally be provided with an on/ofif switch for opening the valve 1 60 when spontaneous 

15 circulation is achieved. In this manner, a rescuer can open the valve 160 to allow for free 
exchange of air to the patient's lungs when needed. In one alternative as shown in Fig. 16C, 
the mount 150 can be slidably mounted within the housing 132 so that the moimt ISO can be 
vertically raised to lift the di^hragm 148 from the downstream region 144 upon successful 
resuscitation of the patient, thereby providing a free flow of air to the patient The mount ISO 

20 can be sUdably mounted within the housing 132 by attaching the mount 150 to an extension 
member 133 that is slidable witihin the housing 132. The member 133 preferably includes the 
intake and exhaust openings. 134 and 136. In this way, an easy gracing sur&ce is provided 
when translating tiie member 133 to open or close flie diaphragm 148. If the di^hragm 148 
were also fashioned as a ttireshold valve as previously described, the need for the valves 108 

25 or 111 could be eliminated. 

The housing 132 can conveniently be constructed in several parts which are 
connected together at various coimection points. In tiiis manner, the housing can be taken 
^art for connection to other devices, for rq>air, for cleaning, and flie like. For example, one 
connection point can be conveniently provided near flie filter 158 for removably connecting 

30 the portion of the housing having the intake opraing 134, the valve 140, and the exhaust 
opening 136. Alternatively, a connection point can be provided near the mount 150 to 
provide easy acc^ to the mount 150 for cleaning. 
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The valvmg system 130 can conveniently be incorporated with a variety of 
devices useful in CPR procedures. For exanq)le, ttie valving system 130 can be incorporated 
within a respiratory bag, such as an AMBU bag. Alternatively, flie valving system 130 can 
be included as part of a respiratory circuit having both a respiratory bag and an endotracheal 
tube or other airway tube, with the valving system 130 positioned betweai the bag and the 
tube. In further alternative, the valvmg system 130 can be added to an endotracheal tube 
alone. Alternatively, the valvmg system can be incorporated into a masl^ an oralpharyngeal 
airway, a laryngeal mask or oihet ventilatoiy devices. 

In some cases, patient ventilation may be provided through threshold valve 
160 as diown in Fig. 16D. In such a case, intake opening and valve 140 are optional since all 
ventilation may occur through threshold valve 160. Of course, ventikuon could be provided 
through both avenues. Further, although shown in the context of valvmg system 130, it will 
be appreciated that the other embodunents described herein may be modified to include a 
pressure source that is coupled to the threshold valve. 

As shown in Fig. 16D, a tank 300 of pressurized gas, such as OiAs coupled to 
housing 132 by a length of tubing 302. hi this way, a pressurized gas may be siqjplied to the 
back side of threshold valve 160. A regulator 304 is coupled to tank 300 to regulate the 
pressure supplied to threshold valve 160 so that it is less than the pressure required to open 
valve 160. For example, if respiratory gases are to be supplied to the patient when flie 
negative intradioracic pressure exceeds -14 cm H2O, thm the actuating valve pressure may be 
set at -14 cm H2O, and the pressure of the gas fiom tank 300 may be set less than -14 cm 
H2O. In this way, valve 160 will not prematurely open. In some cases, regulator 304 may 
also be used to regulate the flow, rate of the gas through valve 160. 

By coupHng tank 300 to valve 160, respiratory gases are puUed into 
downstream region 144 whai valve 160 opens due to the decrease in negative intrathoracic 
pressure as previously desoibed. In fliis way, more re^iratory gases are suppUed to the 
patient each tune the patient*s chest is decompressed. This q>proach allows for negative 
pressure ventilation, unlike positive pressure ventilaticm which inQ>edes venous return to the 
chest with each active rescuer ventilation. The negative pressure ventilation with this 
^proach allows for adequate oxygenation and maximum venous blood return during CPR. 
Tank 300 may also function to provide oxygen once the trigger pressure has been achieved. 
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Referring to Fig, 17, an alternative valving system 164 will be described The 
valving system 164 is shown schmatically and operates essentially identical to the valving 
system 100, die difference being that the valving system 164 includes a ball or spherical 
member 1 66 as the diaphragm. During decompression of the patient's chest, the pressure in a 

S downstream region 168 is less than the pressure in an upstream region 170 which draws the 
ball 166 over the downstream region 168. The valving system 164 can optionally be 
provided with a spring 172 or oth^ biasmg mechanism to hold the ball 166 over the 
downstream region 168 during compression of the patient's chest until a threshold pressure is 
reached or exceeded in the downstream region 168 as previously described. 

10 Referring now to Fig. 18, another exemplary device 200 which is useftd when 

p^orming cardiopulmonary resuscitation will be describeic^ As described in greater detail 
hereinafter, one important feature of device 200 is that it may be interfaced to the patient's 
airway to periodically siq)ply air to ttie patient's lungs when performing cardiopulmonary 
resuscitation. In this way, the patient may be ventilated with air (or other desired gases, such 

15 as O2) rather than with re^iratory gases from the rescuer's lungs as is typically the case when 
. performing mouth-to-mouth resuscitation. 

Device 200 comprises a facial mask 202 and a housing 204 that is operably 
-attached to facial mask 202 at an iat&cfdco 206. Housing 204 includes an upper region 208 
and a lowor region 210. Lower region 210 includes a pressure responsive valving system 212 

20 which operates in a mamiCT similar to ttie ^bodiments previously desoibed herein to 
prevent the flow of gases into tiie patiCTt's lungs until a threshold negative intrathoracic 
pressure is exceeded. At this point, pressure responsive.valvmg system 212 allows gases to 
flow into the patient's lungs in a manner similar to that previously described herein. . Lower . 
region 210 further includes a fi^ moufli valve 214 and one-way outflow valves 216. Valves 

25 214 and 216 operate together to allow gases exhausted fiom the patient's lungs to exit device 
200 as indicated by arrow 218. hi particular, when gases are forced out of the patient's lungs, 
fish mouth valve 214 will be closed and the exhausted gases will escape fiom device 200 
through valves 216. 

Upper region 208 includes a mouth piece 219 to allow a rescuer to blow into 

30 device 200 when attempting to ventilate a patient (similar to conventional CPR). Upper 

region 208 defines an air chamber 220 for holding room air and has a volume of about 200 ml 
to about 800 ml. Chamber 200 may also be connected to an oxygen source. Disposed within 



wo 2002/092169 



PCT/US2002/014039 



upper region 208 is a diaphragm 222 and a spring 224; With this configuration, when a 
rescuer blows air into mouth piece 219, spring 224 will compress as diq>hragm 222 moves 
downward. In turn, air or oxygen held within air chamber 220 will be compressed and hence 
forced through valving system 212 and into fecial mask 202. In this way, air (rather than 
5 respiratory gases) firom the rescuer will be supplied to the patient when the rescuer perfonns 
mouth-to-moutfa resuscitation by blowing into mouth piece 219. 

Uppa* region 208 further includes a one-way inflow valve 226 which allows 
air chamber 220 to be replenished with room air following ventilation. In particular, as 
spring 224 expands valve 226 will open to allow room air to fill chamber 230 due to the 
1 0 negative pressure created in chamber 230 by spring 224. Inflow valve 226 will also open 
when the threshold negative intrathoracic pressure is exceeded causing pressure responsive 
valving system 212 to open. In this way, inflow valve 226 also serves as a venting 
mechanism to vent air into housing 204 when the negative intrathoracic pressure limit is 
exceeded. 

15 Hence, device 200 allows a rescuer to ventilate a patient with room air simply 

by blowing into mouth piece 219. Of course, it will appreciated that other desirable gases 
may be placed within air chamber 220 so that such gases may be siq>plied to the patient when 
the rescuer blows mto moutii piece 219. For example, a volume of O2 may be placed within 
chamber 220. 

20 As previously described, one aspect of the invention is flie ability to prevent 

respiratory gasses firom entering fiie lungs until a certain negative intrathoracic pressure is 
met or exceeded. One aspect of flie invention is the ability to vary the pressure at which 
respiratory gasses are permitted to flow to the lungs. In some cases, this may be 
accomplished by varying flie actuating or cracking pressure of the pressure-responsive inflow 

25 valve. However, other mechanisms may be provided to vary the pressure at which 

respiratory gasses are permitted to flow to the lungs wifliout modifying flie crackmg pressure 
of the pressure-responsive inflow valve. Hence, mechanisms for varying the pressure at 
which respiratory gasses are permitted to flow to the lungs may be mcorporated in the 
pressure-responsive inflow valve, anofiier valve in the valving system, or may be a separate 

30 part of the overall valving system. 

Such a system may be configured so that the actuating pressure may vary 
between about 0 cm H2O to about -30 cm H2O. Further, such a valving system may be used 
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alone with a spontaneous breathing patient or with a patient receiving standard manual 
closed-chest CPR. Such a valving system may also be used in conjunction with oflier 
resuscitation techniques and/or devices, including, for exanq>le, ACD CPR, Vest CPR, or the 
like. In some cases, such a valving system may be used in connection with a diaphragmatic 

S stimulator for purposes of resuscitation from cardiac arrest as well as for increasing blood 
pressure by advancing venous return. Exemplary systans and techniques for diaphragmatic 
stimulation for purposes of resuscitation are described in U.S. Patent Application Nos. 
09/095,916, filed 06/11/98; 09/197,286, filed 11/20/98; 09/315,396, filed 05/20/99; and 
09/533,880, filed 03/22/00, incorporated herein by reference. As a further example, such a 

10 valving system may be used to improve cmtral blood return to the heart in patients in cardiac 
arrest, patients with low blood pressure and patients in right heart i^ure and in shock. 

A variety of mechanisms may be used to vary the degree at which respiratory 
gasses are permitted to flow to the lungs. For example, such a mechanism may be 
mechanical or electronic or may include various combinations of mechanical and electronic 

15 components, and may be regulated within a larger system by, for example, electronic 

communication between the device used for resuscitation and the pressure-responsive inflow 
valve. Such a mechanism may also be adjustable based upon flie in-line measurement of 
gasses, such as the measurement of end-tidal CO2, the average minute ventilations, peak 
negative inspiratory pressures, and the like. 

20 Referring to Fig. 19, one embodiment of a valving system 400 having an 

adjustable pressure-responsive inflow valve 402 will be described. Valving system 400 is 
shown schematically and may be constructed similar to any of the embodimCTts described 
herein. As such, when valving system 400 is interfaced with a patient's airway, the patirat 
may finely exhale throug^i valving system 400. When attempting to inhale, or during a 

25 decompression step of CPR, respiratory gasses are prevented fix>m entering the lungs until a 
threshold actuating pressure is reached. At such time, respiratory gasses are permitted to 
flow to the lungs ttirough inflow valve 402 in a manner similar to that previously described 
with oflier embodiments. 

Inflow valve 402 includes a tension adjust knob 404 that may be turned by the 

30 rescuer to adjust the threshold actuating pressure of inflow valve 402 and will be described in 
greater detail witii reference to Figs. 20-22. As best shown in Fig. 20, inflow valve 402 
comprises an outer housing 406 having a set oftracking channels 408 (see Fig. 22). Outer 
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housing 406 is configured to hold an 0-ring housing 410 having a top segment 412 and a 
bottom segment 414. Disposed between top segment 412 and bottom segment 414 is an O- 
ring 416. Top segment 412 further includes a set of tracking rails 418 Aat slide within 
tracking channek 408. A tension spring 420 sits between tension adjust knob 404 and top 
5 segment 412 and biases O-ring 416 against outer housing 406. When 0-ring 416 is biased 
against outer housmg 406 the valve is m the closed position where respiratory gasses are 
prevaited fiom passmg through ventilation ports 422 and to the patient's lungs. When the 
negative intrathoracic pressure meets or exceeds the threshold actuating pressure of inflow 
valve 402, the tension in spring 420 is ovwcome, causing O-ring 416 to s^arate fiom outer 

10 housing 406. At this point, respiratory gasses are fiee to rush through ventilation ports 422 
and to the patient's lungs. 

To vary the actuating pressure of inflow valve 402, knob 404 is turned to 
advance or retract a threaded nut 424 along a threaded bolt 426 that in turn is coiq)led to top 
segment 412. In so doing, the tension of spring 420 is varied to vary the actuating pressure of 

15 inflow valve 402. Hoice, knob 404 provides a convenioit way for a rescue to adjust the 
actuating pressure simply by tummg knob 404, Although not shown, a pressure gauge may 
be disposed wilhm valvmg system 400 and a di^lay may be provided to displ^ flie negative 
intiathoradc pressure, hi this way, the rescuer may readily visualize the pressures gennated 
wifliin valving qrstan 400 and may adjust knob 404 to ^faIy the pressure at which req)katory 

20 gasses arepermitted to flow to the lungs. 

Anotiio: feature of tiie iovention is the use of a safety mechanism to pomit 
respiratory gasses to freely flow to the patimt through the valvmg system untU th€f rescuer 
places the valvmg system m an operative mode. Once in the operative mode, the valving 
system will rraiarn m tfiat mode mdefinitely or for a finite p&Aod of tim^ at which flie safety 

25 mechanism would revert hack to its initial state where respiratory gasses may freely flow to 
the lungs. In some embodiments, this may be accomplished by having the safety mechanism 
maintain the pressure responsive mflow valve in the open position (without any impedance to 
mspiratory air flow) until actuated by the rescuer. Actuation may be accomplished in a 
variety of ways, such as by injected respiratory gasses into the valving system (such as when 

30 ventilating the patient), by operating a button or switch on the valving system, or the like. 

One advantage of such a safety mechanism is that it ensures that the patient 
can freely breaihe through the valving system (assuming the patient is spontaneously 
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breafhidg or begins to spontaneous breathe) without any resistance fiom the pressure- 
responsive inflow valve. Once the rescuer is ready to begm a procedure, such as performing 
CPR, the valving system is placed in the operative mode ^ere respiratory gas flow to the 
lungs is prevCTted dirough the pressure-responsive inflow valve until the threshold negative 
S intraflioracic pressure is met or exceeded. As with other ^bodiments described herein, 
respiratory gasses may also be injected into the patient's lungs through the valving system, 
thereby bypassing the pressure-req)onsive inflow valve. 

The safety mechanism may operate as a purely mechanical device, a purely 
electronic device, or may include various combinations of mechanical and electronic 

10 components. One way for placing the valving system in the operative mode is by utilizing a 
sensor to detect when respiratory gasses are injected into the valving systt^^through the 
ventilator port. The signal from tiie sensor may then be used to close a ventilation passage 
within the valving system. In some cases, the ventilation passage may extend through the 
pressure-responsive inflow valve. To close this passage, the inflow valve is simply closed. 

15 In some embodiments, if rescue ventilation is not provided within a certain time, the safety 
mechanism may be used to take the valving system out of its operative mode so that 
respiratory gasses may freely flow to the patient's lungs. 

Referring now to Figs. 23 and 24, one embodiment of a valving system 430 
with such a safety feature will be described. This configuration may be used in series with 

20 any of the previously described valving systems so that it will have a means of impedmg 
airflow to die patient's lungs. Hence, it will be ^reciated that valving system 430 may be 
constructed to have, or used in combination with, coiiqx>nents similar to the other valving 
systems described herein and will not be illustrated to sinqplify discussion. Valving system 
430 includes a housing 432 that may be similar to the housings of the other valving systems 

25 described herein excq>t that housmg 432 includes a safety ventilation port 434 that permits 
respiratory gasses to flow into and through housing 432 so that respiratory gasses may flow 
to the patient's lungs as shown by the dashed line in Fig. 23. Hence, as shown in Fig. 23, 
valving syst^i 430 is in a passive mode where the patient may freely breaflie through 
housing 432. 

30 Valvmg system 430. fiirther includes a safety mechanism 436 that is operative 

to maintain ventilation port 434 open until actuated by a rescuer. When actuated, safety 
mechanism 436 closes ventilation port 434 to place valving system 430 in the operative mode 
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y/hae respiratMy gasses aie prevented from reaching tbs lungs through a pressure-responsive 
inflow valve until a threshold negative intrathoracic pressure is met or exceeded in a manner 
similar to that described in other embodiments. 

Safety medwnism 436 conqprises an electronic air flow sensor 438 that is 
electricaUy connected to control drcuitry 440. In turn, control circuitry 440 is electricaUy 
connected to a micro-solenoid 442 having a valve stop 444. A battery 445 is used to supply 
power to the electrical components. When a rescua- is ready to place valving system 430 in 
the operative mode, the rescuer injects respiratory gasses into housing 432 (such as by 
blowing air or mjecting a pressurized gas into a ventilation port, not shown). As the 
respiratory gass^ flow to the patient's lungs through housmg 432, sensor 438 is moved to 
trigger a switch and to send an electrical signal to control circuitry 440. Control circuitry 440 
then sends a signal to solenoid 442 to move stop 444 and thereby close the valve, ttius 
preventing airflow to the patient through safety ventilation port 434. Such a state is 
illustrated in Fig. 24 where valving system 430 is in the operative mode. At this point, a 
spontaneously breathing patient will need to breathe through a pressure-responsive inflow 
valve. For a non-breathing patient, respiratory gasses will be prevented firan reaching the 
lungs during the performance of CPR until a threshold negative intraflioradc pressure is 
overcome, at which point respiratory pisses may flow through the inflow valve and to die 
patient's hmgs in a manner similar to that described with other embodiments. after a 
cwtaui tim^ sensor 438 is not actuated by tfie rescuer, control drcuitiy 440 may be 
configured to operate solenoid 442 to take valvmg system 430 out of the operative mode 
where respiratory gasses may flow through safety ventilation port 434. 

In some embodiments, (he valving systems of die invention may incorporation 
a safety mechanism having essentiaUy afl mechanical elements. One such embodiment of a 
valving system 480 is illustrated in Figs. 25 throu^ 33 and 36 fluough 40. Valving system 
480 comprises a housing 482 that houses various componaits that may be similar to the other 
embodiments described herein. As such, housmg 482 inchides a ventilation port 484 and an 
exit opening 486. Valving system 480 further includes a pressure-responsive inflow valve 
488 diat prevents respnratoiy gasses &om flowing to the patient's lungs until a certain 
negative intrathoracic pressure level has been met or exceeded in a manner similar to that 
described with other embodiments. Valving system 480 further includes a safety mechanism 
490 to permit respiratory gasses to freely flow to the patient's lungs untfl operated to place 
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valving system 480 in an operative mode where pressuie-iesponsive inflow valve 488 
controls when respiiatoiygasses are pennitted to flow to the lungs. ^ ' 
detail hereinafter, safety mechanism 490 also includes an inflow valve 492. In some 
embodiments, inflow valve 492 may be configured as a pressure-responsive inflow valve and 
5 thereby eliminate the need for inflow valve 488. 

Safety mechanism 490 further comprises a flow sensor 494 that is in tho fonn 
of a flap. Flow sensor 494 pivots about a pivot point 496 to move a cam mechanism 498, 
thereby rotating a v/hctl 500. In Figs. 25 and 30, valving system 480 is in the inactive state 
where flow sensor 494 has not yet been activated. When respiratory gasses are directed 
10 through housing 482, flow sensor 494 pivots about pivot point 496 as previously described to 
rotate wheel 500 as illustrated in Figs. 27, 28 and 30. • 

As best shown in Fig. 29, wheel 500 is connected to a gear system 502 having 
a recoil spring 504 and a valve cam 506. Recoil spring 504 is employed to bias cam 506 in 
' the position illustrated in Figs. 25 and 30 where valve 492 is in ttie open position. When 
1 5 gasses flow through housing 482, flow SCTSor 494 is moved to cause wheel 500 to rotate and 
thereby operate gear system 502. In so domg, cam 506 is rotated to the position shown in 
Figs. 27 and 3 1 where valve 492 moves to the closed position. Gear system 502 and recoil 
spring 504 operate to open valve 492 after a certain period of tune has elapsed, such as about 
10 to 20 seconds. 

20 As best shown in Figs. 30 and 31, valve 492 comprises a valve housmg 508 in 

which is held a valve shaft 510 that holds an O-ring 512. A tension spring 514 is positioned 
between housing 508 and a projection 516 on shaft 510 to bias the valve 492 in the closed 
position as illustrated in Fig. 31. When a rescuer injects respiratory gasses into the housing 
of the valving system, cam 506 moves to ttie position shown in Fig. 30 where it engages shaft 

25 510 and disengages O-ring 512 fix)m housing 508 to place valve 492 m flie open position In 
the open position, respiratory gasses are free to flow through valve 492 and into housing 482 
where they may flow to the patient* s lungs through exit opening 486. 

TTie invention further provides systems having safety features that allow for 
the patient to inhale to a given degree to release the mechanism that is used to impede or 

30 prevent respiratory gases from flowing to the lungs, thereby allowing for resistance free 
inspiration until a timer resets the systems or until the rescuer resets the system. One 
embodiment of a safety valve 600 that may be used with such systems is illustrated in Figs. 
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32 and 33. Safety valve 600 may be used as a replacement for any of the pressure r^onsive 
valves described herein, such as, for example, valves 108, 160 and 11 1. Valve 600 comprises 
a housmg 602 which is cov^ed by a slit membrane 604* A valve member 606 is biased by a 
spring 608 into a closed position as shown m Fig. 32. In the closed position, a wedge 610, 
5 that may conveniently be colored for easy identification, extends above the slit in membrane 
604. As such, wedge 610 serves as a visual indicator to the rescuer that valve 600 is in the 
closed position. When interfaced with a patient and in the closed position, respiratory gases 
may be prevented ftom flowing to the lungs until the negative intrathoracic pressure meets or 
exceeds a threshold value in a manner shnilar to that described with otixer embodiments. At 

1 0 such time, a seal 612 on valve member 606 moves away &om a stop 614 on housing 602 to 
permit respiratory gases to flow to the lungs. Spring 608 then forces valve member 606 back 
to the closed position. 

If the patient ga^s and begins to breath, the amount of negative pressure 
created by the patirat compresses spring 608 far enougji so ttiat wedge 610 is pulled through 

15 the slit in membrane 604 as shown in Fig. 33. Wedge 610 then holds valve 600 in the open 
position where gases may fteely flow to the lungs. The rescuer may easily detennine valve 
600 is in the qpen position by noticmg that wedge 610 is no longCT visible. The rescuer may 

reset valve 600 at any time by sinq)ly pulling on a puD tab 616 to puU wedge 610 b 
through membrane 604. 

20 Another embodimrat of a saf^ valve 620 ttiat may be used in the ^stems 

described herem is illustrated m Figs. 34 and 35. Valve 620 con^rises a housing 622 having 
a stop 624. A micro-solOToid 626 is disposed within housing an includes an arm 628 having 
a pole magnet 629 and a visual indicator 630 at an opposite end. Spaced apart ftom pole 
magnet 629 is another pole magnet 632 of opposite polarity that is coupled to a valve member 

25 634 having a seal 636. Coupled to housmg 622 is a normally open contact strip switch 638, 
and valve member 634 includes a conductive strip 640. A spring 642 is disposed between 
strip 640 and stop 624. 

Fig. 34 illustrates valve 620 in the closed or active position. During CPR, seal 
636 will separate firom stop 624 to permit respiratory gases to flow to the lungs when the 

30 negative intrathoracic pressure exceeds a threshold value. Valve 620 then returns back to the 
closed position. If the patient gasps, valve member 634 moves to the position shown in Fig. 
35 where conductive strip 640 contacts switch 638. (IDuring normal CPR, valve member 634 
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is not moved fer enough for tbis contact to occur). This closes the open circuit and activates 
solmoid 626 to extend arm 628 and trigger a timing circuit wifliin a control circuitry and 
battery compartment 644. Magnets 629 and 632 have opposite poles causing valve to remain 
in the open and inactive position as shown in Fig. 35 as long as solenoid 626 is actuated In 
this way, the patient may continue to freely brealh Ihrougji valve 620. Alfliough shown with 
opposing pole magnets, it will be appreciated that magnets may be substituted with a solenoid 
arm that may act as a plunger to make physical contact with valve mOTiber 634, and thus hold 
the valve open and inactive. The rescuer may note that valve 620 is in the open position by 
noting that indicator 630 has been retracted and is no longer visible. 

Valve 620 may include an auto/manual switch 646 that may be set in 
automatic mode. In this mode, the timing circuit automatically deactivates solenoid 626 and 
returns valve 620 back to the closed and active position shown m Fig. 34 after a preset timing 
interval has expired. If switch 646 is set to manual, solenoid 626 remains active and valve 
, 620 remains open and inactive as shown in Fig. 35 where respiratory gases may freely flow 
: to the lungs. Valve 620 remains open until the rescuer manually resets solenoid 626 by 
pressuring a manual reset switch 648. The rescue may note that valve 620 is closed and 
active by observing indicator 630 that is now ^tended. 

Figs. 36 and 37 illustrate a fiutfaer embodiment of a safety valve 650 that may 
be used with the systems described herem. Valve 650 conq>rises a housing 652 having a stop 
654. Disposed within housing 652 is a valve membo: 656 having a seal 658 flial contacts 
stop 654 to prevent gases from flowing through valve 650 when in the closed or active 
position shown in Fig, 36. In the closed position, a q>ring 660 biases seal 658 against stop 
654 until the negative intrathoracic pressure exceeds a threshold value and seal 658 moves 
away from stop 654 to permit respiratory gases to flow to the lungs. Once the negative 
intrathoracic pressure falls below the threshold value, valve 650 moves back to the closed 
position. 

When flie patient gasps, the force created is great enough to move valve 
member 656 such that a pair of spring loaded pins 662 lodge within grooves 664 of a locking 
pin receptacle 666 on valve member 656 as shown in Fig. 37. In this way, valve 650 is 
locked into an open or inactive position that is created by the patient*s gasp. As pins 662 
move into grooves 664, the ends of pins 662 move into housing 652 to indicate to the rescuer 
that the valve is inactive. Conveniently, the ends of pins 662 may be colored to make them 
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more visible to the rescue. To reactivate valve 650, the rescuer may pull upward on a pull 
tab 668 on valve member 656. This releases pins 662 from grooves 664 and permit the valve 
to spring back to the closed position of Fig. 36. 

Referring now to Figs. 38-40, a modified version valve 650 is shown 
5 incorporated mto a valve system 670 that may be coupled to a patient's airway in a manner 
similar to the other valve system embodiments described herein to regulate the airflow to the 
patient's lungs during a CPR procedure. For convenience of discussion, identical elements of 
valve 650 will use the same reference numerals in describing Figs. 38-40, The use of valve 
650 allows the patient to gasp and breathe free of airway resistance after the initial gasp has 

1 0 occurred. Alternatively, valve 650 may be initially set in the inactive position and placed in 
the active state upon the initial ventilation through valve system 670, or upon subsequent 
ventilations if the patient gasps and locks valve 650 open and mactive. 

Valve 650 is incorporated into a system housing 672 having an inlet end 674 
and an outlet end 676. Conveniently, patient ventilation may occur fihrough mlet rad 674 

1 5 using a ventilatory source similar to otti^ embodiments. Outlet end 676 may be coupled to 
an interfece that permits system 670 to be interfaced with the patirafs airway. Disposed 
within housing 672 is a one way membrane valve 678 that is spaced apart from port 680. Jn 
Fig. 38, system 670 is in the resting state whm no gasp or ventilation has occurred. When 
performing CPR, the chest is compressed and air forced from the patient is permitted to flow 

20 through port 680 and Ihrough valve 678. During deconq)ression of the patient's chest, valve 
membrane 678 moves against port 680 to close the valve as the negative intrathoracic 
pressure is increased. If a threshold pressure is overcome, valve 650 opens to permit 
respiratory gases to flow through opening 676 after passing through valve 650. Valve 650 
then moves back to the closed position and die cycle is repeated. 

25 If valve system 670 is coupled to a patient's airway and the patient gasps or begins 

q)ontaneously breathing, valve system 670 automatically adjusts to the configuration shown 
in Fig. 39 so that the patient may breathe through a resistance fee afrway path so that 
respiratory gas exchange may occur. When the patient gasps or begins to breathe, valve 678 
closes and the negative pressure causes valve 650 to open and lock in place in a manner 

30 similar to that previously described in coimectipn with Fig. 37. In this way, valve 650 
remains open and inactive until reset by the rescuer by puUmg on pull tab 668. 
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Another way to place valve 650 back into the closed or active position is by 
ventilating the patient through inlet 674 as shown in Fig. 40. When injecting a respiratory 
gas into inlet 674, the injected gases flow through valve 678 and through port 680 where tfie 
cKit through outlet 676 and to the patient In so doing, the flow of gases moves a ventilation 
5 flap 682 that in torn moves an arm 684 that is coiqpled to a wedge 686. Movement of wedge 
686 causes lateral movCTientofan arm 688 that is connected to a reset wedge 690. Wedge 
690 rests on top of an upward movement ranq) 692. As arm 688 is laterally moved, wedge 
690 moves up ramp 692 and contacts pull tab 668. In so doing, valve member 656 is pulled 
up until pms 662 are pulled from grooves 664 and valve 650 moves back fo the closed and 

10 active position by force of spring 660. A reset spring 694 then resets ventilation fl^ 682 
back to its home position and wedge 690 slides back down ramp 692 so that valve 650 may 
be reset back to the closed position if subsequently needed. Valve 650 remains in the closed 
and active position until another gasp or spontaneous breathing occurs. 

Fig. 41 schematically illustrates another embodiment of a valving system 700 

15 that is configured to display flie pressure within the patient's chest during CPR. Valving 
system 700 may be configured to be similar to any of tiie valving systems described herein. 
Hence, for convenience of discussion, valving system 700 will only be briefly described. 
Valving system 700 conq>rises a housing 702 having an inlet 704 and an outlet 706. A 
pressure responsive valve 708 is used to control the inflow of gases into housing 702 during 

20 decompression of the patient's chest in a manner similar to that described with otiier 

CTibodiments. A pressure gauge 710 is provided to measure and display the pressure within 
housing 702 which corresponds to the pressure within the patient's chest. In this way, 
pressure gauge 710 may be used to provide immediate feedback to the rescuer and may be 
used as a guide to determine if chest compressions and/or decompressions are bemg 

25 £^ropriately performed. 

A pressure sensing port 712 is connected to a tube 714 tiiat is connected to a 
pressure sensing control unit 716. In this manner, a change in pressure may be detected 
during eitiier chest compressions or decompressions and act as a coimting circxiit to trigger 
ventilation control circuitry 718 to automatically ventilate the patient using a vaitilator 720 

30 after a certain number have been detected. 

Alternatively, a digital control unit may be used that displays the pressure 
within the chest as well as the number of compressions between ventilations. With such a 
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configuration, pressure sensing port 712 trananits pneumatically flie pressure information. 
As such, a pressure gauge on housing 702 would not be required. 

The valving systems of flie invration may also be used to treat shock. Shock 
may convraiiently be defined as a critically low blood pressure that, when untreated, may lead 
5 to death or disability. Types ofdiockfliat may be treated using techniques of the invention 
include, but are not Innited to, low blood pressure secondary to blood loss, heat stroke, 
vasovagal syncope (the common faint), drowning, drug overdose, heart attack, right heart 
Mure, return to earth after space flight, sepsis, pericardial efiusion, tamponade, and the like. 
Further, the valve systems of the invention may be used to alter the carotid cardiopuhnonary 
10 reflex sensitivity that controls blood pressure (by decreasing intra thoracic pressures with 
inspiration). 

The valve system that are ^ployed to treat shock are configured to 
completely prevent or provide resistance to the inflow of respiratory gases into flie patient 
while the patient is breathing. For valve systems Ifaat completely prevent the flow of 

1 5 respiratory gases, sudi valves may be configured as pressure responsive valves that open 
after a ttireshold negative mtra Ooracic pressure has been readied. Valve systems that 
simply provide lesistaiK^e to the inflow of respiratory gases may also be variable so fliat once 
a desued negative intra thoracic jHressure is reached, ttie resistance to flow may be lessened. 
Further, the valves of the invmtion may be configured to be variable, eilhw manualty or 

20 automatically. The extent to which the resistance to flow is varied m^ be based on 
physiological param^ets measured by one or more sensors fliat are associated wifli the 
person being treated. As sudi, the resistance to flow may be varied so that the person's 
physiological parameters are brougbt within an acceptable range. Examples of physiological 
parametCTS that may be measured include, but are not limited to, negative intra flioracic 

25 pressure, respiratory rate, end tidal CO2, positive aid expiratory pressure, blood pressure, 
0}Qrgen saturation, tissue CCbcontoit, and ttie like. If an automated systan is used, such 
saisors may be coiq)led to a ccmtroUer vfUch is employed to control one or more mechanisms 
that vary the resistance or actuating pressure of the inflow valve. 

Referrmg now to Figs. 42 and 43, one eimbodiment of a system 800 fliat may 

30 be used to treat a person in shock will be described. System 800 comprises a housing 802 
that is coiq)led to a facial mask 804. Housing 802 includes an inspiratory fenestrated port 
806 where inspired gases are permitted to enter housing 802. Disposed below port 806 is a 
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slotted airway resistance mechanism 808 fbat may be used to completely prevent or provide 
resistance to the re^iratoiy gases flowing into housmg 802 through port 806. Resistance 
mechanism 808 is also illustrated in Figs. 46A and 46B and may be constructed of a slotted 
member 810 and a slotted plate 812. Slotted member 810 is movable relative to plate 812 to 
5 partiaUy or fully cover the slots m plate 812 as illustrated in Fig. 46B. In this way, tibte 

resistance to the flow of inspired gases may be increased simply by moving slotted plate 812 
relative to slotted member 810. As best shown in Fig. 42, a motor 814 that moves a shaft 816 
may be employed to translate slotted member 810 over slotted plate 812 to vary the resistance 
to flow. Optionally, a filter 818 may be disposed below resistance mechanism 808. 

10 System 800 further includes a one-way valve 820 that prevents expired gases 

from fiowing back up through resistance mechanism 808. Disposed upstream of one-way 
valve 820 is an oxygen port 822 to permit oxygen to be suppUed to the person during 
inspiration. System 800 further includes another one-way valve 824 that opens when the 
person expires to permit expired gases from exiting housing 802 through an expiratory port 

15 826. 

System 800 may also include one or more sensors 828 that measure various 
physiological parameters, such as flow rate, internal pressures within the patient, end tidal 
€02, and the like. These sensors may be coupled to a circuit board or controller 830 that may 
- be programmed to vary operation of motor 814 based on the sensed parameters. In this way, 
20 the measured parameters may be kept within a desired range simply by controlling the 
resistance provided by resistance mechanism 808 m an automated manner. Although not 
shown, it will be appreciated that odier sensors may also be coi^led to circuit board 830 and 
may not necessarily be incorporated into housing 802 or mask 804. SystCTi 800 may also 
include a battery 832 to provide power to fbe various electrical components of system 800. A 
25 control button 834 may also be employed to actuate system 800. 

Optionally, to ensure that flie inspiratory lumen is never completely occluded 
by the airway resistance mechanisms, molded stops may be fabricated in a manner that the 
airway may always have a slight opening for inspiration to occur. As another option, the 
valve and sensing system may be attached to other airway devices, including an endo tracheal 
30 tube, a laryngeal mask, or the like. 

Fig. 44 illustrates system 800 when mask 804 is coupled to a person and the 
person inhales. As shown, the inspired gases pass fbrougji resistance mechanism 808 which 
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has been operated to increase the resistance to flow. Optionalfy oxygen may also be siq)pKed 
to the person through oxygen port 822. Fig. 45 iUustrates when the person exhales. As 
diown, Ae expired gases pass through <m&-wsy port 824 and throu^ expiratory port 826. 

Although system 800 has been shown with one particular type of valve, it will 
5 be qjpreciated that a varirty of inflow valves m^ be used including any of those previously 
described. Further, Figs. 47-53 iUustrate other types of inflow valves that may be used to 
prevait or increase ttie resistance to flow during an inspiratory effort. Furflier, any of these 
inflow valves may be coupled to other mechanisms that may be used to operate the valve to 
vary the flow resistance. In this way, a controller may be used to automatically control the 
10 amount of resistance. Further, the controller may be coupled to one or more sensors so that 
various physiological parameters of the person may be kept within a desired range sinq)ly by 
measuring the parameters and using those parameters to vary the amount of resistance. 

Figs. 47A and 47B illustrate an inflow valve 836 that comprises an airway 838 
and a movable disk 840. Disk 840 may be moved by any type of mechanical mechanism to 
1 5 occlude airway 838 as shown to increase flow resistance. 

Fig. 48A and Fig. 48B illustrate anotfaor embodimoit of an mflow valve 842 
that comprises an airway 844 and a rotatable disk 846. As shown m Fig. 48B, disk 846 may 
be rotated to mcrease ftus amount of flow resistance through airway 844. 

Figs. 49A and 49B illustrate an mflow valve 848 that comprises an auway 850 
20 that is positioned between a pair of plates 852 and 854. As shown in Fig. 49B, a rotatsible 
cam 856 may be employed to move plate 854 to compress airway 850 and thereby mcrease 
flow resistance. Conveniently, cam 856 may be rotated by a motor 858 that in turn may be 
controlled by a c<»]troller m a manuar similar to tiiat previously described. 

Figs. 50A and 50B illustrate a ftstOia embodhnent of an mflow valve 860 ftat 
25 comprises an airway 862 that is positioned between two plates 864 and 866. lii turn, plate 
866 is coupled to a threaded shaft 868 that is movable back and fiwth by a stepper motor 870 
that may also be coupled to a controller. In operation, stepper motor 870 is employed to 
move plate 866 against airw^ 862 as shown in Fig. 50B to increase the resistance to flow. 

Figs. 51 A and 51B illustrate an inflow valve 872 that conqjrises an airway 874 
30 that is positioned between a pair of plates 876 and 878. These plates are coupled to a caliper 
mechanism 880 tiiat m turn is coiq)led to a lead screw 882 that is movable by a stepper motor 
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8S4. In this way, stepper motor 884 may be used to operate caliper mechanism 880 to in turn 
squeeze airway 874 as shown in Fig. S IB to increase flow resistance. 

Figs. S2A and S2B illustrate an inflow valve 886 that comprises an iiis 
occluding mechanism 888. As shown in Fig. S2B, iris occluding mechanism 888 niay be 
5 operated to decrease the size of the airway and thereby increase flow resistance. 

Figs. 53A and 53B illustrate anodier embodiment of an inflow valve 890 that 
comprises an airway 892 and a rotatable ann 894 that in turn may be coupled to a stepper 
motor. As shown in Fig. 53B, arm 894 is rotatable over airway 892 to increase resistance to 
flow. 

1 0 Figs. 54A through 54C illustrate one exemplary method for treating a person 

in shock. The pfdcess begins at step 900 where the treatment system may be coupled to the 
patient's airway. For example, the system previously described in connection with Fig. 42 
may be coupled to the patient's face. The power is turned on as shown in step 902 and the 
airway resistance mechanism may be set to an open position as shown in step 904. The 

1 5 treatment mechanism may include various preset physiological parameters that may initially 
be read to determine the person's condition. At step 908, a det^mination is made as to 
whether a breath has been sensed based on the physiological parameters previously read in 
stq) 906. If no breafii has been s^ed, the process is reversed back to step 904 to ensure that 
' the airway resistance mechanism is in the open position. 

20 If a breafli has been sensed, the process proceeds to st^ 910 where the airway 

resistance mechanism is set to a preset position. This position may be based on the initial 
physiological parameters diat were sensed in step 906. Furttier, the airway resistance may be 
set manuaUy or may be done aiktomaticaUy using a controUer that is programmed with 
various preset positions based on measured physiological parameters. The process then 

25 proceeds to step 91 2 whore the physiological parameters are evaluated to determine whedier 
the negative mspuratory pressure is accq)table as the patient inhales. If the negative 
mspiratory pressure is too low, the process proceeds to step 914 where the airway resistance 
is increased. This may be done in an automated manner using the controller which operates 
the airway resistance mechanism to increase the airway resistance. After the resistance has 

30 been increased, the process proceeds to step 916 where sensors are employed to detemiine 
wheflier a breath is sensed. If not, the process reverts back to st^ 904 where the airway 
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resistance is moved back to its original position or to a fully open position and the process 
continues. 

If the negative inspiratory pressure is too higji, the process may proceed to 
step 918 where airway resistance is reduced. A breath measurement is then taken in step 920 
5 to determine whether a breath is sensed. If not, the process proceeds back to step 904 where 
the airway resistance mechanism may be opened. If a breath is sensed m dAer step 920 or 
step 916, the process goes back to step 912 wh^e another check on the negative uispiratory 
pressure is made. Once the negative inspiratory pressure is acceptable, the process proceeds 
to step 922 where the respkatory rate is evaluated. If the respiratory rate is unacceptable, the 

10 process proceeds to step 924 where the airway resistance is reduced. An evaluation as to 
whether a breath is sensed is made ixi step 926. If no breath is sensed, the process reverts 
back to step 904 where the airway resistance mechanism may be open. If a breatii is sensed, 
the process proceeds back to step 922 where another evaluation of the respiratory rate is 
made. If the respiratory rate is acceptable, the process proceeds to step 928 and an evaluation 

15 as to the end tidal CO2 is made. If too low, airway resistance is increased as shown in 

step 930 and another evaluation is made as to whether the patient is breathing in step 932. If 
not, the process proceeds back to step 904 where the airway resistance medianism is opened. 
If the end tidal CO2 is too high, the process proceeds to step 934 where the airway resistance 
is reduced and the patient's breathing is again sensed at step 936. If no brea& is sensed, the 

20 pn)cess proceeds back to step 904 whm the airway resistance mechanism is opened If a 
breath is sensed in either steps 932 or 936, the process proceeds back to step 928 where the 
end tidal CO2 is re-evaluated. Once acceptable, the process proceeds to step 938 where the 
oxygen saturation is evaluated. If too low, the airway resistance may be decreased as shown 
in step 940 and an evaluation is made as to whether the person is breathing as shown in 

25 step 942. If not, flie process proceeds back to step 904 and the airway resistance mechanism 
is opened. If the oxygen saturation is accq>table, the process proceeds to step 912 so that the 
negative inq)iratory pressure, respiratory rate, end tidal CO2, and oxygen saturation may be 
contmuously monitored and the airway resistance may be modified based on the parameters. 
Hence, the metihod set forflh in Figs. 54A througji 54C permits various 

30 physiological parameters to be continuously monitored and to permit the resistance to 

inspiratory flow to be modified sd fliat these parameters remain within an acceptable range 
when treating a patient sufifering from shock. Further, as previously described, the 
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augmentation of negative inspiratoiy pressure permits increased blood flow back to the right 
heart to increase the patient's blood pressure. Although shown monitoring the various 
physiological parameters in a cettsan order, it will be q)preciated that the parameters may be 
monitored in otfier orders as well. Further, other physiological parametm may be measured 
to ensure that the patient remains in a stable condition when treating the patient for shock. 
Optionally, the method of Figs. 54A through 54C may also be used to evaluate the patient's 
positive end expiratory pressure. Further, similar airway resistance mechanisms may be 
applied to the expiratory port and the airway resistance of the expiratory port may be varied 
based on the sensed parameters. For example, the expiratory pressure may be varied to aid in 
the prevention of alveoli coll^se (atelectasis) which may occur when the negative 
intrathoracic pressure is too low for a prolonged period of time. 

Although the foregoing invention has been described in some detail by way of 
illustration and example, for puiposes of clarity of understanding, it will be obvious that 
certain changes and modifications may be practiced within the scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1 LA device for facilitating an increase in blood pressure in a brealiiing 

2 patient, said device comprising: 

3 a housing having an opening that is adapted to be interfaced with a patient's 

4 airway; 

5 an inflow flow valve Ihat is operable to increase or decrease respiratory gas 

6 flow through the housmg due to patient inhalation, the inflow valve assisting in manipnlartng 

7 intrathoracic pressure^ to mcrease blood flow back to the patient's chest; 

8 a inechaiusni for operatiiig the inflow valve to vary the respiratory gas flow 

9 through flie housing; and . 

10 a sensor fliat is ad^ted and configured to sense at least one physiological 

11 parameter of the patient 

1 2. A device as in claim 1 , wherein the inflow valve is operable to achieve 

2 a negative intrathoracic pressure within the range fix)m about 0 cm H2O to about -50 cm H2O 

3 when the patient breathes at flow rates in the range from about zero flow to about 70 liters per 

4 minute. 

1 3. A device as in claim 1, further comprising a controller that is coiq>led 

2 to the sensor and the mechanism, and wherein the controller is configured to send signals to 

3 the mechanism to operate the inflow valve based on the sensed physiological parameter from 

4 the sensor. 

1 4. * A device as in claim 1 , wherein the sensor is selected from a group 

2 consisting of pressure sensors, flow sensors, CO2 sensors, and oxygen sensors. 

1 5. A device as in claim 1, wherein the inflow valye comprises a slotted 

2 opening and a slotted plate fliat is movable across the slotted opening. 

1 6. A device as in claim 1, wherein the inflow valve comprises an airway 

2 and an occlusion member that is movable across the airway. 

1 7. A device as in claim 1 , wherein the inflow valve comprises an airway 

2 and a compression occluding system to compress the airway. 
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1 8. A device as in claim 1 , wherein the inflow valve comprises an airway 

2 and an iris occluding system. 

1 9. A device as in claim 1, wherein the mechanism comprises a stepper 

2 motor and a shaft ext^ding fiom the stepper motor. 

1 10. A device as in claim 1, wherein the housing includes an inspiratory 

2 port and an expiratory port, and further conqirising a face mask that i 

1 11. A device as in claim 1, further comprising means to add supplemental 

2 oxygen or periodic assisted vmtilalion to the patient 

i- , .. - 

1 12. A method for increasing the blood pressure in a spontaneously 

2 breathing person, the method comprising the steps of: 

3 sensing at least one physiological parameter of the person; 

4 int^facing an inflow valve to the parson's airway that is operable to mcrease 

5 or decrease respiratory gas flow to the person's lungs; 

6 operating the inflow valve based on the sensed parameter to increase or 

7 decrease respiratory gas flow to the person's lungs while the person is inhaling to create a 

8 vacuum within the thorax and increase blood flow back to the right heart of the parson, 

9 thereby enhancing the parson's blood pressure. 

1 1 3. A method as in claim 12, wherein the person has low blood pressure 

2 due to conditions selected firom a group consisting of blood loss, the administration of a drug, 

3 a high gravitational state, vasovagal syncope, cardiac tamponade, drowning, heat stroke, heart 

4 attack, right heart failure, return to earth after space flight, and sepsis. 

1 14. A method as in claim 12, further comprising sending a signal to a 

2 controller that is representative of the sensed parameter, and sending a signal from the 

3 controller to a mechanism to operate the valve based on the sensed parameter. 

1 IS. A method as in claim 12, wherein the parameter sensed is selected 

2 from a groiqp consisting of negative intrathoracic pressure, blood pressure, respiratory rate, 

3 end tidal C02» positive end e7q>iratory pressure, and oxygen saturation. 
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1 16. A method as in claim 12, wherein the inflow valve is operated to 

2 achieve a negative intrathoracic pressm^e within the range from about 0 cm H2O to about -50 

3 cm H2O when flie person breathes at flow rates in the range from about zero flow to about 70 

4 liters per minute. 

1 17. A method as in claim 12, wherein the inflow valve comprises an 

2 airway and an occlusion member, wherein the occlusion member is moved across the airway 

3 to vary the flow rate through the inflow valve. 

1 18. A method as in claim 12, wherein the physiological parameter is 

2 repeatedly sensed, and herein the valve is repeatedly operated based ttie sensed parameters. 

1 19. A method as in claim 12, further conpising siqiplying supplemental 

2 ventilation or oxygen to the person. 

1 20. A method as in claim 12, further comprising supplying a drug or a 

2 medicament to the person upstream or downstream of the inflow valve. 

1 21. A method for increasing cardioputmonaiy circulation induced by chest 

2 conopiessipn and deconqsression when p^oiming cardiopubnonary resuscitation, by 

3 augmenting native intrathoracic pressures, said method comprising the steps of: 

4 interfacing a pressure re^Kmsive inflow valve to a patient's airway; 

5 performing chest compression and chest decompression, wherein during chest 

6 decOTipression the inflow valve prevents respiratory gases from entering the lungs until a 

7 negative intrathoracic pressure level in the range from about -3 cm H2O to -30 cm H2O is 

8 exceeded at which time the inflow valve opens, said inflow valve assisting in increasing the 

9 magnitude and duration of negative intrathoracic pressure during decompression and thereby 

10 enhancing the amount of blood flow into the heart and lungs; and 

1 1 supplying the patient with a pressurized resphratory gas through the inflow 

12 valve when the inflow valve opens to ventilate the patient. 
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1 22. The method of claim 21, JKirther comprising interfacing an exhalation 

2 valve to the patient's airway, wherein the exhalation valve prev^ts air ftom leaving the lungs 

3 until a positive intrathoracic pressure threshold is exceeded at which time said exhalation 

4 valve opens, said exhalation valve assisting in forcing more blood out of the thorax. 

1 . 23 . The method of claim 22, wherein the i)ositive intrathoracic pressure is 

2 in the range from about 2 cm H2O to 20 cm H2O. 

1 24. The method of claim 21, forflier comprising providing a pressurized 

2 respiratory gas source that is operably coupled to the inflow valve, wifli the respnatory gas 

3 bemg at a pressure that is less than the opanijng pressure of the inflow valve, and wherein the 

4 respiratory gas is siq>plied from the respiratory gas source. 

1 25. Hiemethodof claim 21, wherein the deconq>ressingstq> comprises 

2 allowing the patient's chest to expand in response to &e chest* s resilience. 

3 26. The method ofclaim 21, wherein the deconq>ressing step conq[)rises 

4 lifting or actively expanding the patient's chest to expand the thorax. 

5 27. The method of claim 2 1 , wherein the chest is compressed in the range 

6 from about 3.5 cm to 5 cm per compression, and wherein the chest is compressed in the rate 

7 from 60 to 100 per minute. 

1 28. A method for increasmg cardiopuhnonary circulation induced by chest 

2 compression and decompression when performing cardiopulmonary resuscitation, by 

3 augmentmg negative intraOioracic pressures, said method comprising the steps of: 

4 inter&cing a valving system with a patient's airway, the valving system 

5 comprising a housing having an upstream region and a downstream region, a pressure- 

6 responsive valve between flie iq)stream region and the downstream region for preventing 

7 respiratory gases from flowing from the upstream region to the downstream region until die 

8 pressure in the downstream region falls below a threshold level; 

9 performing chest compression and decompression, wh^in said pressure- 

10 responsive valve is closed to prevent respiratory gases from entering the lungs imtil a certain 

1 1 negative intrathoracic pressure is exceeded at which time the pressure-responsive valve 
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12 opens, said pressure-responsive valve assisting in increasing the magnitude and duration of 

13 negative intrathoracic pressure during decompression and thereby enhancing the amount of 

14 blood flow into the heart and hmgs; and 

1 5 siQ)plying the patient with a pressurized respiratory gas through the pressure- 

16 responsive valve when the pressure-responsive valve opens to ventilate the patient. 

1 29, The method ofclaim 28, furthCT comprising, during chest compression^ 

2 preventing air ftom leaving the lungs untQ a positive intrathoracic pressure threshold is 

3 exceeded to assist in forcing more blood out of the thorax. 

1 30. The method of claim 29, wherein the positive intrathoracic pressure is 

2 intherangeftoniabout2cmH2Oto20cmH2O. 

1 31. The method of claim 28, fijrther comprising providing a pressurized 

2 respiratory gas source that is operably coupled to the pressure-responsive valve, with the 

3 respiratory gas being at a pressure that is less than the opening pressure of the pressure- 

4 responsive valve and wherein the respiratory gas is sillied fix>m the respiratory gas source. 

1 32. The method of claim 28, wherein the decompressing step comprises 

2 allowing the patienf s chest to e3q>and in response to the chest's resilience. 

1 33. The method of claim 28, wherein the decompressing step conq>iises 

2 liftmg or actively ejq)anding the patient's chest to expand the thorax. 

1 34. The method of claim 28, wherein the chest is compressed in the range 

2 fix)m about 3.5 cm to 5 cm per compression, and wherein the chest is compressed in the rate 

3 from 60 to 100 per minute. 

1 35. A device for increasing cardiopukaonary circulation induced by chest 

2 compression and decompression when performing cardiopulmonary resuscitation, said device 

3 comprising: 

4 a housing having an opening that is adapted to be interfaced with a patient's 

5 airway; 

6 a pressure responsive inflow flow valve which prevents respiratory gases from 

7 entering the lungs through the housing until a threshold negative intrathoracic pressure level 
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8 is exceeded during decompression of the patimt's chest at which time the inflow valve opens, 

9 the inflow valve assisting in inareasing the magmtude and duration of negative intrathoracic 

10 pressure during decon^ression and thereby enhancmg the amount of blood flow into the 

11 heart and lungs; and 

12 a source of pressurized gas operably coupled to the inflow valve to siq>ply a 

13 pressurized gas to the patient through the housing when the iiiflow valve is opi^ 

1 36. A device as in claim 3S» further comprising a one way valve disposed 

2 in the housing to p^mit respiratory gases to exit the housing during compression of the 

3 patient's diesL 

1 37. A device as in cldm 35, iinthW comprising a regulator 

2 between the gas source and the inflow valve to regulate the pressure of the gas such that flie 

3 gas pressure is less than the actuating pressure of the inflow valve. 

1 38. A device as in claim 35, wherein the inflow valve is configured to open 

2 when flie negative intrathoracic pressure is in the range from -3 cm H2O to -30 cm H2O. 

1 39. Amethodforincreasingcardiopuhnonary circulation induced by chest 

2 compression and decompression when performing cardiopuhnonary resuscitation, by 

3 augmenting negative intrathoracic pressures, said method comprising the stqps of: 

4 interficunng a housing having a pressure responsive inflow valve to a patient's 

5 airway; 

6 performing chest compression and chest decompression, wherein during chest 



7 decompression, the inflow valve prevents respiratory gases firom entering the lungs imtil a 

8 threshold negative intraflioracic pressure level is exceeded at which time the one inflow valve 

9 opens, the inflow valve assisting in increasing the magnitude and duration of negative 

10 intrathoracic pressure during decompression and thereby enhancing the amount of blood flow 

11 into the heart and lungs; and 

12 supplying a pressurized gas to the patient through the inflow valve when the 

1 3 inflow valve opens to ventilate the patient through the inflow valve. 
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1 40^ A method as in claim 39, wherein the inflow valve opens when the 

2 negative mtrathoracic pressure m the range fiom -3 cm H2O to -30 cm H2O, and wherem the 

3 pressurized gas is less than the op^iing pressure of the inflow valve. 

1 41. A device for increasing cardiopuhnonary circulation induced by chest 

2 compression and decompression when performing cardiopulmonary resuscitation, said device 

3 comprising: 

4 a housing having an opening that is adq>ted to be intofaced with a patien^^^ 

5 airway; 

6 a pressure responsive mflow flow valve which prevents respiratory gases fiom 

7 entering the lungs through the housing until a threshold negative intrathoracic pressure level 

8 is exceeded during decompression of the patient's chest at which time an actuating pressure of 

9 the inflow valve is exceeded and flie mflow valve opens, the inflow valve assisting in 
increasing the magnitude and duration of negative intrathoracic pressure during 

1 1 decompression and thereby enhancing flie amount of blood flow into the heart and hmgs; and 

12 a mechanism for varying the actuating pressure of the inflow valve. 

1 42. A device as in claim 41, wherein the mechanism is configured to vaiy 

2 the actuating pressure to a pressure within the range firom about 0 cm H2O to about -30 cm 

3 H2O. 

1 43. A device as in claim 41, wherein the inflow valve comprises a threaded 

2 shaft having a seal that is configured to block an opening in tiie housmg, and a spring that 

3 biases tiie seal against the housing, and wherein flie mechanism comprises a threaded knob 

4 that is rotatable to vary the biasmg force of the spring by mcreasmg or decreasing die 

5 longitudinal distance of the shaft. 

1 44. A device as in claim 43, fiulher comprising a pressure gauge in the 

2 housing to sense ttie amount of pressure within the chest. 

1 45. A device for increasmg cardiopulmonary circulation induced by chest 

2 conq)ression and decoiiq)ression when perfonnmg cardiopulmonary resuscitation, said device 

3 comprising: 
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4 a housing having an exit opening that is ad^ted to be inter&ced with a 

5 patient's airway and a safety v^tilation passageway; 

6 a pressure responsive inflow flow vah^ewMch prevents re^iratoiy gases 

7 entering the lungs through the housing until a threshold negative intrathoracic pressure level 

8 is exceeded during decompression of the patiof s chest at which time flie inflow valve opens, 

9 the mflow valve assisting m inoieasing the magnitude and duration of n^ative intrathoracic 

10 pressure during decompression and thereby enhancing the amount of blood flow into the 

11 heart and lungs; and 

12 a safety mechanism to maintain the safety ventilation passageway open to 

13 pennit respiratory gases to freely flow to the patient*s lungs until actuated by a rescuer to 

14 close the safety ventilation passajgeway. ^ 

1 46. A device as in claim 45, wherein the safety ventilation passageway is 

2 provided through the inflow valve when flie inflow valve is m an open position, and wherem 

3 the safety mechanism is configured to maintain the inflow valve in the open position until 

4 actuated by the rescuer to move the inflow valve to a closed position. 

1 47. A device as in claim 46, wherein flie housing includes a ventilation 

2 port to permit respiratory gases to be injected into the housing, and wherein the safety 

3 mechanism comprises a sensor to sctso when the rescuer injects resphatory gases into the 

4 housmg and a control system to move the inflow valve fiom the open position to the closed 

5 position. 

1 48. A device as in claim 47, wherein the sensor is movable upon injection 

2 of respiratory gases into the housing, and wherein control system comprises a set of gears that 

3 are cot^led to the sensor and a cam that is movable by the gears to close flie mflow valve. 

1 49. A device as in claim 47, wherein the sensor comprises a movable Qap 

2 that moves upon injection of respiratory gases into the housing, and wherein control system 

3 comprises a set of mechanical components that move a wedge against the safety mechanism 

4 upon movement of the fl£^ to close the inflow valve. 
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1 50. A device as in claim 47, wherein the sensor is selected from a group of 

2 sensors consisting of electronic switches, thermistors^ mechanical flq>s, and materials that 

3 experience of change of resistance when flexed. 

1 51. A device as in claim 46»whereui the inflow valve comprises a shaft 

2 having a seal that is configured to block an opening in the housing, and a spring that biases 

3 the seal against the housing. 

1 52. A device for increasing cardiopuhnonary circulation induced by chest 

2 compression and decompression when performing cardiopulmonary resuscitation, said device 

3 comprising: 

4 a housing having an opening that is ads^ted to be interfaced with a patient's 

5 airway; 

6 a pressure responsive inflow flow valve having a closed position and an open 

7 position, wherein the inflow valve prevents respiratory gases from entering the lungs through 

8 the housing when in the closed position, and wherein the inflow valve moves to the open 

9 position when a threshold negative intrathoracic pressure level is exceeded during 

1 0 decompression of the patient's chest, the inflow valve assistmg in increasing the magnitude 

1 1 and duration of negative intrathoracic pressure during decompression v/hca in the closed 

12 position and thereby enhancing the amount of blood flow into the heart and lungs; and 

13 a safety mechanism to maintain the inflow valve in the open position to permit 

14 respiratory gases to freely flow to the lungs until actuated by a rescuer to place Ihe inflow 

1 5 valve in the closed position. 

1 53 . A device as in claim 52, wherein the housing includes a ventilation 

2 port to permit respiratory gases to be injected into the housing, and wherein the safety 

3 mechanism comprises a sensor to SOTse when the rescuer injections respiratory gases into the 

4 housing and a control system to move the inflow valve from the open position to the closed 

5 position. 

1 54. A device as in claim 53, wherein the sensor is movable upon injection 

2 of respiratory gases into the housing, and wherein control system comprises a set of gears Aat 

3 are coupled to the sensor and a cam that is movable by the gears to close the inflow valve. 
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1 55. A device as in claim 53, wherein the sensor comprises a movable flap 

2 that moves iq)on injection ofreq)iratory gases into the housing, and where^ 

3 comprises a set of mechanical components that move a wedge against the safety mechanism 

4 upon movement of the flap to close the inflow valve. 

1 56. A device as in claim 53, wherein the sensor is selected bom a gjcoup of 

2 sensors consisting of electronic switches, thermistors, mechanical flaps, and materials that 

3 experience of change of resistance when flexed 

1 57. A device as in claim 52, wherdn the inflow valve comprises a shaft 

2 having a seal fliat is configured to block an op ening in the housings and a spring that biases 

3 flie seal against the housing. 

1 58. A method for increasing cardiopulmonary circulation induced by chest 

2 conq)Fession and deconq)ression when performing cardiopulmonary resuscitation, by 

3 augmenting negative intrathoracic pressures, said method comprising the steps of: 

4 interfacing a valve system conq)rismg a housing, a pressure responsive inflow 

5 valve, a safety gas flow passage and a safety mechanism to a patient's airway, wherein during 

6 chest decQnq)ression the inflow valve is configured to prevent respiratory gases fiom entering 

7 the lungs until anegative intrathoracic pressure level in the range fiom about 0 cm H2O to - 

8 30 cm H2O is acceded at which time the inflow valve is configured to open, said inflow 

9 valve assisting in increasing the magnitude and duration of negative intrathoracic pressure 

10 during decompression and th^eby enhancing the amount of blood flow into tiie heart and 

1 1 lungs, and wherein tiie safety mechanism is configured to permit respiratory gases to fi^ly 

12 flow to the patient's lungs until actuated; and 

13 actuating the safety mechanism to close the gas passage. 

1 59. A method as in claim 58, further comprising performing chest 

2 compressions and deconq>ressions after actuating the safety rnechanism. 

1 60. A method as in claim 58, wherein the actuating step comprises 

2 injecting a respiratory gas into the housmg, \^erem the injection is sensed by a sensor to 

3 cause the safety mechanism to close the gas passage. 
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1 61. A method as in claim 58, wherein the gas passage passes through the 

2 inflow valve, and wherem the actuating step comprises closing the inflow valve to close the 

3 gas passage. 

* A method for increasmg the blood pressure in a spontaneously 

2 breathing person, said method comprising the steps of: 

3 interfacing a pressure responsive inflow valve to the person's airwajr, 

4 inhaling and exhaling while the inflow valve is coupled to the person's airway, 

5 wherein during inhalation the inflow valve prevents respiratory gases from entering the lungs 

6 until a negative intrathoracic pressure level in the range from about 0 cm H2O to -30 cm H2O 

7 is exceeded at which time the inflow valve opens, said inflow valve assisting in increasing 

8 blood flow back to the rigjit heart of the person and thereby enhancing the person's blood 

9 pressure. 

1 63. A method as in claim 62, wherein the person has low blood pressure 

2 due to blood loss. 

^ 64. A method as in claim 62, wherdn the pason has low blood pressure 

2 due to the administration of a drug. 

1 65. A method as in claim 62, wherein tiie person has low blood pressure 

2 due to a high gravitational state. 

1 66. A method as in claim 62, wherein the person has low blood pressure 

2 secondary to vasovagal syncope. 
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